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SPECIFICATION 
Prostaglandin derivatives 

This invention relates to prostaglandin derivatives and to processes for preparing them. 
For background on prostaglandins, see for example Bergstrom et al.. Pharmacol. Rev. 20, 1 
5 (1968). For nomenclature of the prostaglandins, see N. A. Nelson. J. Medic. Chem. 17,911 (1974). 5 
With respect to the stereochemistry of substituent groups at C — 1 5 herein, see R. S. Cahn. J. Cham. Ed. 

41. 1 16 (1964). 

As drawn herein the formulas represent a particular optically active isomer having the same 

absolute configuration as PGE, obtained from mammalian tissues. 
1 0 In the formulas, broken line attachments to the cyclopentane ring or side chain indicate 

subsTituents in alpha configuration, i.e. below the plane of the ring or side chain. Heavy solid line 

anachments indicate substituents in beta configuration, i.e. above the plane. 

Included in the background of chemical literature and patents are the following: K. Green et at., J. 

Lipid Res. 5. 1 1 7 (1 969), PGE3 and PGFja, methyl esters; B. Samuelsson, U.S. Patent Ho. 3,66 7,31 6, 
1 5 1 9-hydroxy-PGE,; P. L Taytor et al.. Nature 250. 665 {1974) and FEBS Letters 57. 22 (1975). 19-hydraicy- ^ 5 

PGE s and -PGF s: W. Marscheck et al.. U.S. Patent No. 3.878,046. 1 1 -deoxy-l 9-hydroxv-PGE,; 

C. J. Sih et al.. J. Am. Chem, Soc. 91 . 3685 ( 1 969). 1 9-oxo-PGEj and -1 3,1 4-dihydro-PGE,; J. C. Sih, 

Prostaglandins 13. 831 (1977). (1 9R)-1 9-hydroxy-PGE,. -PGE,. -PGF,a, and -PGf^a: Brit. Patent Spec 

No 1 .388,443, Derwent Farmdoc Abstract No. 00520U. reduction of 9.19-diketoprostanotc acids; A. F. 
20 Marx et al.. U.S. Patent No. 4,054.595. 1 8- and 1 9-hydroxy-prostaglandins; J. E. Pike. U.S. Patent No. 20 

3,922,297, 1 9-methyl-prostaglandins; R. K. Beerthuiset al., Rec. Trav. Chim. Pays. Bas 90. 943 (1971), 

cis-A "-PGE,; K. G. Untch et al.. J. Am. Chem. Soc. 100. 621 1 (1978). dl-1 9-hydroxy-PGE, and dl-13- 

cis-1 5-epi-1 9-hydroxy-PGE,; German Offenleg. 2.505,51 9 (Derwent Farmdoc Abstract No. 56027W) 

or Chem. Abs. 84. 43441 w. 20-hydroxy-PGEj or -PGF^a. 
2 5 Subsequent to this invention there appeared U.S. Patent No. 4. 1 27,6 1 2 to H. C. Kluender et al. for 25 

2-decartK)Ky 2-hydroxymethyl-1 9-hydroxy-PGE, and 19-hydroxy PGE, carbinol analogues. 

It is the purpose of this invention to provide novel products havif>g pharmacological activity. It is a 

further purpose to provide a process for preparing these products and their intermediates. More 

specifically, there are provided certain prostaglandin derivatives having a 19iO-<lidehydro. a 19- 
30 hydroxy, or a 1 9-keto feature. 

Accordingly there are provided compounds of formula III. wherein the terms D, Q, R,,. and the like 

are defined in the TABLE OF DEFINITION OF TERMS FOR FORMULAS herein, together with other term* 

used hereinafter. 

The products of this invention within the scope of formula III are extremely potent in causing 

35 various biological responses. For that - ^ason. these compounds are useful for pharmacologicel 

purposes. A few of those biological responses are: inhibition of blood platelet aggregation. Inhibition of 
gastric secretion and reduction of undesirable gastrointestinal effects from systemic administration of 
prostaglandin synthetase inhibitors, controlling spasm and facilitating breathir>g in asthmatic conditions* 
and decongesting nasal passages. 

40 Because of these biological responses, these novel compounds are useful to study, prevent, ^ 
control, or alleviate a wide variety of diseases and ur^desirable physiological conditions in mammals, 
including humans useful domestic animals, pets, and zoological specimens, and in laboratory animals, 
for example, mice, rats, rabbits ar>d monkeys. 

These compounds are useful whenever it is desired to inhibit platelet aggregation, to reduce the 

45 adhesive character of platelets, and to remove or prevent the formation of thrombi In mammals, 
including man. rabbits, and rats. For example, these compounds are useful in the treetment and 
prevention of myocardial infarcts, to treat and prevent post -operative surgery, and to treat conditions 
such as arthrosclerosis, arteriosclerosis, blood clotting defects due to lipemia, and other clinical 
conditions in which the underlying etiology is associated with hpid imbalance or hyperlipidemta. Other 

50 tn vivo applications include geriatric patients to prevent cerebral ischemic attacks and long term BO 
prophylaxis following myocardial infarcts arxj strokes. For these purposes, these compounds are 
administered systemically, e.g.. intravenously, subcutaneously, intramuscularly, and in the form of 
sterile implants for prolonged action. For rapid response, especially in emergency situations, the 
intravenous route of administration is preferred. Doses in the range of about 0.01 to about 10 mg. per 

55 kg. of body weight per day are used, the exact dose depending on the age. weight, and condition of the 5S 
patient or animal, and on the frequency and route of administration. 

The addition of these compounds to whole blood provMes rn vttro applications such as storege of 
whole blood to be used in heart-lur>g machines. Additonally whole blood containing these compounds 
can be circulated through limbs and organs, e.g. heart and kidneys, whether attached to the originel 

60 body detached and being preserved or prepared for transplsnt, or attached to a new body. QQ 
Blocking of aggregated platelets is avoided by the preeence of these compounds. For this purpoee. 
the compound is added gradually or in single or multiple portions to the circulating Mood, to the 
blood of the donor person or animal, to the perfused body portion, attached or detached, to the 
recipient, or to two or all of those at a total steady state dose of about 0.001 — 1 .0 ugJn%l of whole 
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blood These compounds are aiso useful m preparing platelet-rich concentrates from blood for use 
in treating thrombocytopenia or in chemotherapy. 

These compounds are also useful in mammals, including man and certain useful animals, e.g. dogs 
and pigs, to reduce and control excessive gastric secretion, thereby to reduce or avoid gastrointestinal 
5 ulcer formation, and accelerate the healing of such ulcers already present in the gastrointestinal tract. 5 
For this purpose, these compounds are injected or infused intravenously, subcutaneously, or 
intramuscularly in an infusion dose range of about 0 01 to about 10 mg. per kg. of body weight per day, 
the exact dose depending on the age. weight, and condition of the patient or animal, and on the 
frequency and route of administration. 
1 0 These compounds are also useful in reducing the undesirable gastrointestinal effects resulting y q 

from systemic administration of anti-inflammatory prostaglandin synthetase inhibitors, and are used for 
that purpose by concomitant administration of the formula III — Vl compound and the anti-inflammatory 
prostaglandin synthetase inhibitor. See Partridge et al., U.S. Pat. No. 3,781.429, for a disclosure as to 
the administration of certain prostaglandins of the E and A series. The anti-inflammatory synthetase 
1 5 inhibitor, for example indomethacin, aspirin, or phenylbutazone is administered in any of the ways 1 5 

known m the art to alleviate an inflammatory condition, for example, in any dosage regimen and by any 
of the known routes of systemic administration. The formula III compour>d is administered along with 
the anti-inflammatory prostaglandin synthetase inh.tjitor either by the same route of administration or 
by a different route. The dosage regimen for the formula 111 compound In accord with this treatment will 
20 depend upon a variety of factors, including the type, age, weight, sex and medical condition of the 20 
mammal, the nature and dosage regimen of the anti-inflammatory synthetase inhibitor being 
administered to the mammal, and the sensitivity of the particular formula III compound to be 
administered. For example, not every human in need of an anti-inflammatory substance experiences the 
same adverse gastrointestinal effects when taking the substance. The gastrointestinal effects will 
25 frequently vary substantially in kind and degree. But it is within the skill of the attending physician or 25 
veterinarian to determine that administration of the anti-inflammatory substance is causing undesirable 
gastrointestinal effects in the human or animal subject and to prescribe an effective amount of the 
formula III compound to reduce and then substantially to eliminate those undesirable effects. 

These compounds are also useful in the treatment of asthma. For example they are useful as 
30 bronchodilators or as inhibitors of mediators, such as SRS — A, and histamine which are released from 3Q 
cells activated by an antigen-antibooy complex. Thus, these compounds control spasm and facilitates 
breathing in conditions such as bronchial asthma, bronchitis, bronchiectasis. pneunrK>nia and 
emphysema. For these purposes, these compounds are administered in a variety of dosage forms, e.g.. 
orally in the form of tablets, capsules, or liquids; rectally in the form of suppositories; parenterally, 
35 subcutaneously, or intramuscufarty. with intravenous administration being preferred in emergency 35 
situations; by inhalation in the form of aerosols or solutions for nebuliiers: or by insufflation in the form 
of powder. Doses in the range of about 0 01 to 5 mg. per kg. of body weight are used 1 to to 4 times a 
day, the exact dose depending on the age. weight and condition of the patient and on the frequency and 
route of administration. For the above use the compound can be combined advantageously with other 
40 anti-asthmatic agents, such as sympathomimetics (isoproterenol, phenylephrine, ephedrine. etc.). 40 
xanthine derivatives (theophylline and aminophylline). and corticosteroids (ACTH and prednisolone). 

These compounds are effectively administered to human asthma patients by oral inhalation or by 
aerosol inhalation For administration by the oral inhalation route with conventional nebulizers or by 
oxygen aerosolization it is convenient to provide the formula III ingredient in dilute solution, preferably 
45 at concentrations of about 1 part of medicament to from about 1 00 to 200 parts by weight of total 4c 
solution. Entirety conventional additives may be employed to stabilize these solutions or to provide 
isotonic media, for example, sodium chloride, sodium citrate, citric acid, and the tike can be employed. 
For administration as a self-propelled dosage unit for administering the active ingredient in aerosol form 
suitable for inhalation therapy the composition can comprise the active ingredient suspended in an inert 
50 propellant (such as a mixture of dichlorodifluoromethane and dichlorotetrafluoroethane) together with a 50 
co-solvent, such as ethanol. flavoring materials and stabilizers. Instead of a co-solvent there can also be 
used a dispensing agent such as oleyl alcohol Suitable means to employ the aerosol inhalation therapy 
technique are described fully in U S 2 868,69 1 for example. 

These compounds are useful in mammals, including man. as nasal decongestants and are used for 
55 this purpose in a dose range of about 1 0 to about 1 0 mg. per ml. of a pharmacologically suitable 55 
liquid vehicle or as an aerosol spray, both for typical application. 

These compounds are also useful in treating peripheral vascular disease in humans. 
The term peripheral vascular disease as used herein means disease of any of the bloo'd vessels 
outside of the heart and to disease of the lymph vessels, for example, frostbite, ischemic 
60 cerebrovascular disease, arteriovenous, fistulas, ischemic leg ulcers, phlebitis, venous Insufficiency, 60 
gangrene, hepatorenal syndrome, ductus arteriosus, non-obstructive mesenteric ischemia, arteritis 
Vmphangitis and the like. The examples are included to be illustrated and should not be construed 
as limiting the term peripheral vascular disease For these conditions the compounds are 
administered orally or parenterally via injection or infusion directly into a vein or artery. The dosaoes of 
65 »"Ch compounds are in the range of 0 0 1 — 1 0 ug administered by infusions at an hourly rate or by 65 
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SPECIFICATION 
Prostaglandin darivativM 

This invention relates to prostaglandin derivatives and to processes for preparing them. 
For background on prostaglandins, see for example Bergstrom et al., Pharmacol. Rev. 20, 1 
5 (1968). For nomenclature of the prostaglandins, see N. A. Nelson, J. Medic. Chem. 17. 91 1 (1974). 5 
With respect to the stereochemistry of substltuent groups at C — 1 5 herein, see R. S. Cahn. J. Chem. Ed. 

41. 116 (1964). 

As drawn herein the formulas represent a particular optically active isomer having the same 

absolute configuration as PGE, obtained from mammalian tissues. 
10 In the formulas, broken line attachments to the cyclopentane ring or side chain indicate \q 

substituents in alpha configuration, i.e. below the plane of the ring or side chain. Heavy solid line 

attachments indicate substituents in beta configuration, i.e. above the plane. 

Included in the background of chemical literature and patents are the following: K. Green et al., J. 

Lipid Res. 5. 1 17 (1969), PGE, and PGf^a, methyl esters: B. Samuelsson, U.S. Patent 3.667.316, 
1 5 1 9 hydroxy-PGE,; P. L Taykx et Nature 250. 665 ( 1 974) and FEBS Letters 57. 22 (1 975). 1 9-hydro)cy- ^ 5 

PGE s and -PGF's; W. Marscheck et at.. U.S. Patent No. 3,878,046. 1 1 -deoxy-1 9-hydroxy-PGE,; 

C. J. Sih et al.. J. Am. Chem. Soc. 91 , 3685 (1969), 19-oxo-PGEj and -1 3.14-dihydro-PGE,; J. C. Sih. 

Prostaglandins 13. 831 (1977), (1 9R)-1 9-hydroxy-PGE,, -PGEj, -PGF,a. and -PGF,a: Brit. Patent Sptc. 

No. 1 ,388,443, Derwent Farmdoc Abstract No. 00520U, reduction of 9, 1 9-diketoprostanoic acids; A. F. 
20 Marx et al., U.S. Patent No. 4,054.595, 1 8- and 1 9-hydroxy-prostaglandins; J. E. Pike. U.S. Patent No. 2O 

3,922.297. 1 9-methyl-prostaglandins; R. K. Beerthuis et al.. Rec. Trav. Chim. Pays. Bas 90. 943 (1971), 

cis-A '•-PGE,. K. G. Untch et al.. J. Am. Chem. Soc. 100. 621 1 (1978). dl-19-hydroxy-PGE, anddl-13- 

cis-1 5-ept- 1 g-hydroxy-PGE,; German Offenleg. 2,505,51 9 (Derwent Farmdoc Abstract No. 56027W) 

or Chem. Abs. 84, 43441 w, 20-hydroxy-PGE2 or -PGFja. 
25 Subsequent to this invention there appeared U.S. Patent No. 4,127.612 to H. C. Kluendar et aL for 26 

2 -decarboxy-2-hydroxymethyl-19-hydroxy-PGE, and 19-hydroxy PGE, carbinol analogues. 

It is the purpose of this invention to provide novel products having pharmacological activity. It is a 

further purpose to provide a process for preparing these products and their intermediates. More 

specifically, there are provided certain prostaglandin derivatives having a 19^0-didehydro. a 19- 
30 hydroxy, or a 1 9-keto feature. 3q 
Accordingly there are provided compounds of formula III. wherein the terms D, Q, R,,, and the like 

are defined in the TABLE OF DEFINITION OF TERMS FOR FORMULAS herein, together with other terms 

used hereinafter. 

The products of this invention within the scope of formula III are extremely potent in causing 

35 various biological responses. For that reason these compounds are useful for pharmacological 

purposes. A few of those biological responses are: inhibition of blood platelet aggregation, inhibition of 
gastric secretion and reduction of undesirable gastrointestinal effects from systemic administration of 
prostaglandin synthetase inhibitors, controlling spasm and facilitating breathing in asthmatic conditions, 
and decongesting nasal passages. 

40 Because of these biological responses, these novel compounds are useful to study, prevant. ^ 
control, or alleviate a wide variety of diseases and undesirable physiological conditions in mammals, 
including humans, useful domestic animals, pets, and zoological specimens, and in laboratory animals, 
for example, mice. rats, rabbits and monkeys. 

These compounds are useful whenever it is desired to inhibit platelet aggregation, to reduce the 

45 adhesive character of platelets, and to remove or prevent the formation of thrombi in mammals* ^ 
including man, rabbits, and rats. For example, these compourvds are useful in the treatment and 
prevention of myocardial infarcts, to treat and prevent post -operative surgery, and to treat conditions 
such as arthrosclerosis. arteriosclerosis, blood clotting defects due to lipemia. and other clinical 
conditions in which the underlying etiology is associated with lipid imbalance or hypedipidemia. Other 

50 in VIVO applications include geriatric patients to prevent cerebral ischemic attacics and long term 50 
prophylaxis following myocardial infarcts ar>d strokes. For these purposes, these compourtds are 
administered systemically. e.g., intravenously, subcutaneously. intramuscularty. and in the form of 
sterile implants for prolonged action. For rapid response, especially in emergency situations, the 
intravenous route of administration is preferred. Doses in the range of about 0.01 to about 10 mg. par 

55 leg of body weight per day are used, the exact dose depending on the age. weight, and condition of the 56 
patient or animal. ar>d on the frequency ar>d route of administration. 

The addition of these compour>ds to whole blood provides in vitro applications such as storage of 
whole blood to be used in heart-lung machines. Additonally whole blood containing thaaa compounds 
can be circulated through limbs and organs, e.g. heart and kidneys, whether attached to the original 

60 tx>dy detached and t>eing preserved or prepared for transplant, or attached to • new body. SQ 
Blocking of aggregated platelets is avoided by the presence of these compourxis. For ^is purpose, 
the compound is added gradually or in tingle or multiple portions to the circulating blood, to the 
blood of the donor person or animal, to the perfused t>ody portion, attached or detached, to the 
recipient, or to two or all of those at a total steady state dose of about 0.001 — 1 .0 ^gyml. of whole 
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injection on a daily basis, i.e. 1 — 4 times a day, the exact dose depending on the age, weight, and 
condition of the patient and on the frequency and route of administration. Treatment is continued for 
one to five days, although three days is ordinarily sufficient to assure long*)asting therapeutic action. In 
the event that system it or side effects are observed the dosage is lowered below the threshold at which 
5 such systemic or side effects are observed. These compounds are accordingly useful for treating 5 
peripheral vascular diseases in the extremities of humans who have circulatory insufficiencies in said 
extremities, such treatment affording relief of rest pain and induction of heating of ulcers. For a 
complete discussion of the nature of and clinical manifestations of human peripheral vascular disease 
and the method previously known of its treatment with prostaglandins see South African Patent No. 
10 74/0149 referenced as Derwent Farmdoc No. 58400V. See Elliot et al.. Lancet. January 18 1975. 10 
pp. 140—142. 

Surprisingly, the formula IV compounds have little or no efect on stimulation of smooth muscle. 
The formula-Ill 1 9,20-didehydro compournis. however, are extremely potent in causing stimulation of 
smooth muscle. 

1 5 The formula-Ill 1 9.20-didehydro compounds are not only active in causing stimulation of smooth ^ 5 

muscle, but are also highly active in potentiating other known smooth muscle stimulators, for example, 
oxytocic agents, e g , oxytocin, and the various ergot alkaloids including derivatives and analogs thereof. 
Therefore, they are useful in place of or in combination with less than usual amounts of these krwwn 
smooth muscle stimulators, for example, to relieve the symptoms of paralytic ileus, or to control or 

20 prevent atonic uterine bleeding after abortion or delivery, to aid in expulsion of the placenta, and during 20 
the puerperium. For the latter purpose, the compound is administered by intravenous infusion 
immediately after abortion or delivery at a dose in the range about 0.01 to about 50 yug. per kg. of body 
weight per minute until the desired effect is obtained. Subsequent doses are given by intravenous, 
subcutaneous, or intramuscular injection or infusion during puerperium in the range of 0.01 to 2 mg. per 

25 kg. of body weight per day. the exact dose depending on the age, weight, and condition of the patient or 25 
animal. 

The formula-Ill 1 9,20-didehydro compounds are useful in place of oxytocin to induce labor in 
pregnant female animals, including man, cows, sheep, and pigs, at or r>ear term, or in pregnant animals 
with intrauterine death of the fetus from about 20 weeks to term. For this purpose, the compound is 
30 infused intravenously at a dose of 0.01 to 50a per kg. of body weight per minute until or near the 30 
termination of the second stage of labor, i.e., expulsion of the fetus. These compounds are especially 
useful when the female is one or more weeks post-mature and natural labor has not started, or 12 to 60 
hours after the membranes have ruptured and natural labor has not yet started. An alternative route of 
administration is oral. 

35 The formula-Ill 1 9, 20^1 ide hydro compounds are further useful for controlling the reproductive 35 

cycle in menstruating female mammals n-iuding humans. By the term menstruating female mammals 
is meant animals which are mature enough to menstruate, but not so old that regular menstruation has 
ceased. For that purpose the compour>d is administered systematically at a dose level in the range of 
0.01 mg. to about 20 mg. per kg. of body weight of the female mammal, advantageously during a span 

40 of time starting approximately at the time of ovulation and ending approximately at the time of mensus 4Q 
or just prior to mensus. Intravagtnal and intrauterine routes are alternate methods of administration. 
Additionally, expulsion of an embryo or a fetus is accomplished by similar administration of the 
compound during the first or second trimester of the normal mammalian gestation period. 

T>ie formula-Ill 1 9.20-didehydro compounds are further useful in causing cervical dilation in 

45 pregnant and non-pregnant female mammals for purposes of gynecology and otmetrics. In labor 45 
induction and in clinical abortion produced by these compounds, cervical dilation is also observed. In 
cases of infertility, cervial dilation produced by these compounds is useful in assisting sperm movement 
to the uterus. Cervical dilation by these compounds is also useful in operative gynecology such as D and 
C (Cervical Dilation and Uterine Curettage) where mechanical dilation may cause perforation of the 

50 uterus, cervical tears, or infections. It is also useful for diagnostic procedures where dilation is necessary 50 
for tissue examination For these purposes, the compound is administered locally or systemically. The 
compound, for example, is administered orally or vaginally at doses of about 5 to 50 mg. per treatment 
of an adult female human, with from one to five treatments per 24 hour period. Alternatively the 
compound is administered intramuscularly or subcutaneously at doses of about one to 25 mg. per 

55 treatment. The exact dosages for these purposes depend on the age, weight, and condition of the 55 
patient or animal. 

There are further provided the various processes for preparing the compounds of formula III. Thus, 
for the 1 9 20-didehydro compounds of formula III. a process illustrated by Chart I comprises the steps 
of starting with a lactone of formula VIII and (a) transforming that starting compound to a compound of 
60 formula IX. (b) optionally oxidizing the product of step (a) to form a compound of formula XI and (c) eo 
transforming the compound IX or compound XI to a compound of formula III. 

For PGFT-type formula-!!! compounds wherein W is 



H OH 
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and is — COOR^, also represented by formula X in Chart 1 , the blocking groups of IX are simply 
removed by hydrolysis and the cart>oxyl group is optionally esterified. For PGE-type formula-Ill 
compounds wherein W is 



5 and R, is — COOR«, represented by formula Xll in Chart 1 , the same procedures are applied to XI. For 5 
PGF^-type compounds wherein W is 

H OH 

and R, is — COOR,, the formula-X) compounds are reduced to a mixture of PGF« and PGF^ compounds, 
whereupon the PGF^-type compounds are separated, hydrolyzed to remove blocking groups, af>d 
10 optionally esterrfied. For 9-deoxo-9-methylene-PGE compounds of formula III wherein W is iq 

CHj 

II 

also represented by formula XIV in Chart 1 , the 9-oxo group of formula-XI is transformed to a 9- 

methylene moiety applying the sulfoximine procedure of C. A. Johnson et al.. J. Am. Chem. Soc. 95, 

6462 ( 1 973), to yield XIII and XIV. 
1 5 Transformation at C-1 and C-2 to alcohol, amine, amide, or tetrazolyl groups within the scope of 15 

R, are made by methods known in the art or disclosed herein. Likewise, transformations at D, Q. and X 

are made by methods known in the art or disclosed herein. 

For the 1 9-hydroxy compounds of formula III, several processes are available. One process 

comprises the steps of starting with a lactone of formula XV and (a) transforming that starting material 
20 to a compound of formula XVt, (b) optionally oxidizing the product of step (a) to form a compound of 20 

formula XVII and (c) transforming compounds XVI or XVII to a compound of formula IV. When the 

lactone startir>g materials of formula XV are replaced with mixed C-1 9(R,S) epimers of formula XVa the 

corresponding mixed C-1 9 epimeric products of formula IVa are obtained. 

Another process for the mixed C-1 9 epimeric products of formula IVa comprises the steps of 
25 starting with a 1 9,20-dkjehydro compound of formula XVIII (a) hydroxylating it to form a compourxJ of 25 

formula a compourxj of formula XIX ar>d (b) transforming the product of step (a) to a compound of 

formula XX. 

For the 1 9-keto compounds of ''^i mula Ml, a process comprises the steps of startirtg with a 1 9- 
hydroxy comp>ound of formula XXI or a mixed C-1 9 epimeric hydroxy compound of formula XIX and (a) 
30 oxidizing either compound XXI or XIX to form a 1 9-keto compound of formula XXII and (b) transformir>g 3Q 
the product of step (a) to a compound of formula V. 

For. the 1 9-hydroxy- 1 9-methy I compounds of formula III. one process comprises the steps of 
starting with a lactor>e of formula XV or of formula XVa and (a) transforming that lactone to a compound 
of formula XXMI. (bl transforming the product of step (a) to a compound of formula XXIV and (c) 
35 transforming the product of step (b) to a 1 9-hydroxy- 1 9-methyl comp>ound of formula III. 35 
Still another process for the 1 9-hydroxy- 1 9-methyl compounds comprises the steps of starting 
with a 1 9-keto compound of formula XXII ar>d (a) transforming it to a compour>d of formula XXV 
ar>d (b) transforming the product of step (a) to a 1 9 -hydroxy- 1 9-methyl compound of formula III. 

As with the formula-Ill 1 9-hydroxy- 1 9-methyl compounds, the transformations of one compourul 
40 to another with variations of D, Q. W, X, and, at C-1 . of R, or R,^ are made for the formula-IV, -V, or -VI ^ 
compounds by methods known in tf>e art or disclosed herein, using appropriate blocking groups. 

Charts 1 -49, herein, illustrate the above processes and transformations. Those processes riot 
illustrated are based on chemical procedures ger>erally known to those skilled in the art. The steps of the 
charts wilt be discussed in detail below and further illustrated in the Examples. 
45 obtain the optimum combination of biological resportse specificity, potency, an6 duration of 

acthrity, certain compour>ds wKhin the scope of formula Ml are preferred. For example it is preferred that 
Qbe 

R, OH 

wherein it is especially preferred that R^ be hydrogen or methyl. When Q is 

R, OH 



it is preferred that R, be methyl. 
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Another preference for the compounds of formule III. as to R,, is that in — COORg be either 
hydrogen or alkyi of one to 1 2 cart>on atoms, irKlusive, or a salt of a pharmacologically acceptable 
cation. Further, when R^ is alkyt. it is more preferred that it be alkyi of one to 4 carbon atoms, and 

especially methyl or ethyl. 

5 Still another preference for the 1 9-hydroxy and 1 9*hydroxy- 1 9-methyl compourtds of formula lit Is 5 

that the 19-hydroxy configuration be "R". 

f 9,20'Didehydro Prostaglandin Compounds 

This section wUI take up theprocedures for preparing the formula-Ill 19^0 didehydro ("A '•") 
prostaglandin compounds and intermediates illustrated by charts 1 — 2 1 . 

1 0 Referring to Chart 1 , starttrig materials of formula VIII are lactones readily prepared from known to 

materials by processes shown in Charts 2 — 5, and these processes will t>e discussed at this point. In 
Chart 2 the formula-XXVI aldehyde is reacted with a Grignard reagent of the formula 
CHj=CH — (CHjIj— Mg-Hal and the resulting compound XXVII is blocked to form XXVIII. The starting 
aldehyde XXVI is known in the art (for example see Derwent Farmdoc Abstract No. 28225W. Japaneae 

1 5 Patent No. 50 — 1 8460) or is available by the process in Chart 6. herein, arxJ Preparation 1 (see f 5 

also Derwent Farnr>doc Abstract No. 56066Y. German Patent No. 2703471 ). 

In Chart 6, trk:ydic lactone aldehyde XXIX is available from U.S. Patent No. 3,81 6.462: either the 
exo or endo form will yield the formula-XXXII compound. In step (a) compour>d XXX is formed by the 
\A^ttig reaction with the ylid derived from methyttriphenylphoephonium bromkle. In step (b) compound 

20 XXXI is obtained by hydroxylation. The formula-XXXII diester is then made by stepwise reaction, first 2O 
using an ortho ester to form a cyclic ortho ester which is then reacted with anhydrous formic acid. 
Compound XXXtll is obtained in step (d) by soh^lysis to remove formyl groups ar>d. for XXXIV. free 
hydroxy! gorups are blocked in step (e). Acyl groups of XXXtV are renrtoved by basic solvolyais in step (f) 
and, finally the terminal hydroxyl groups of XXXV are oxidized to form XXXVI in step (g). 

25 In Chart 2. and hereafter, bk>ckir>g group R,^ is as defined in the Table, but preferably is 25 

tetrahydropyranyl (THP). Formula-XXVI compounds wherein R„ is not THP are readily obtained from 
XXXVI of Chart 6 by replacing THP with hydrogen by mikl acid hydrolysis and thereafter blocking with 
an appropriate form of R^^ as foltows. 

When the blocking group R,, is tetrahydropyranyl (THP) or teuahydrofuranyl. the appropriate 

30 reagent e.g. 2.3-dthydropyFan or 2.3^ihydrofuran. is used in an inert solvent such as dichloromethane 30 
in the presence of an acid corKlensir>g agent such as p-toluenduilfonic acid or pyridine hydrochloride. 
The reagent is used in slight excess, preferably 1 .0 to 1 .2 times theory, end the reaction is carried out 
at about 20 — 50**C. 

i 

NA^n R,s is of the formula R,, - O — C(R„) — CH,^,^, as defined herein, including 1 -ethoxyethyl. 

35 the appropriate reagent is a vinyl ether, e.g. ethyl vinyl ether iaopropenyt methyl ether, iaobutyl vinyl 35 
ether, or any vinyl ether of the formula R^^ — O — C(R2s)^R»R3« wherein R,,. R,,. R,,. and R,^ are as 
defined herein; or an unsaturated cyclic or heterocyclic compourxl. e^., 1 -cyclohex-1 -yl n^ethyl ether 
or 5.6*dihydro-4-methoxy-2H-pyran. See C. B. Reese et al.. J.Am. Cham. Soc. 89. 3366 (1967). The 
reaction conditions for such vinyl ethers and urwaturates are aimilar to those for dihydropyran above. 

40 Again referring to Chart 2, if R, in is alkyl. e.g. nr>ethyl. compour>d XXVII is oxidized with Jones 40 

reagent to form the 3'-oxo compound which is then reacted with a Grignard reagent or other 
appropriate organometallic reagent to introduce the alkyt group. See for example U.S. Patent No. 
3,728.382. The 3'R and 3'S iaonrters are separated, for example by silica gel chrometography. 
Compound XXVItl is then obtained by blockir>g. 

45 In Chert 3 an aldehyde of formula XXXVtl is used. It is available, for example when R,4 is acetyloxy. 45 

from E. J. Corey et al.. J. Am. Cham. Soc 91 . 5675 (1969): when R,4 is benzoyloxy. from U.S. Patent 
3,778,450: when R^^ is hydrt>gen, see E. J. Corey et al.. Tetrahedron Lett. No. 49. 4753 (1971); when 
R,4 is — CH20R,a. i.e. blocked hydroxymethyl, t>y bk>cking the hydroxymethyl-eubstituted lactone, for 
which see Derwent Farmdoc Abstract No. 1 2 7 1 4W. In step (a), aldehyde XXXVII is reacted with a 

50 V/Vitting reagent derived from a phosphonate of formula CLX 60 



0 OR, 

II II I 

(CHjOljP— CH,— C— C— (CH,),— CH=CH, CLX 

I 



to form compound XXXVIIt. For further details of the Wlttig reection see. for example. A. Wllliem 
Johnson, "Ylid Chemistry". Academic Press, N.Y., 1966. 



6 



GB 2 048 254 A 6 



For intermediates of formula XXXIX in which Q is 

H OH or H OH 

the 3'-oxo group of XXXVIII is reduced in step b, for example with zinc borohydrkie ar>d the ieomert are 
separated, for example by silica gel chromatography. The 3'« isomers are generally preferred. For 

5 intermediates in which Q is 5 

CH, OH or OH 

the compound XXXVIII is reacted with a Grignard reagent CH^MgHal or with trimethylalunDinum and 
the isomers are separated by silica gel chromatography. 

In step (c) the carboxyacyl blocking groups are removed by hydrolysis and hydroxyts are blocked 
1 0 with blocking groups such as tetrahydropyranyl to form XL. 1 0 

Compounds of formula XL are within the scope of formula VII! of Chart 1 and are accordingly 
useful as starting material therein. The remaining steps of Chart 3 produce compounds XUV which 
correspond to formula VIII wherein X is — CH,CHj — . 

In step Id) intermediate XLI is formed by hydroboration, for example with 9- 
1 5 borabicyclo(3.3. 1 Inonane ("9-BBN"), for which see Fieser et al.. "Reagents for Organic Synthesis", Vol. 1 5 
2. p. 3 1 , 1 969, N/Viley and Sons. N.Y. 

In step (e) compound XLI is reduced catalytically for example with hydrogen at atmospheric 
pressure over palladkjm on charcoal to yield XLII. 

In step If) the terminal hydroxy is mesylated or tosylated. for example, using methanesulfonyl 
20 chloride or p-toluenesulfonyl chloride In the presence of a tertiary base such as triethylamine or pyridine 20 
to yield XLIII. and finally in step (g> the olefin is restored by methods known in the art. For example, the 
sulfonate is reacted with the sodium dertvath^e of phenyl selenide and the resulting phenyl selenide 
is oxidized with excess hydrogen peroxide. See Fieser et al., ibid. Vol. 5, p. 273. 1 975. Compounds 
XLIV are thus obtained.. 

25 In Chart 4. the lactone XLV is obtained by photoisomerization whereby the latent C„ — C,4 double 25 

bond is isomerized from trans to cis. See for example U.S. Patent No. 4.026,909.Compound XXXVIII is 
irradiated, preferably of wave length about 3500 Angstroms, until an equili>rium mixture of cia arnJ 
trans isomers is obtained. The progress is conveniently monitored by thin layer chromatography. The 
mixture is then separated by conventional mettKKls. for example silica gel chromatography. Thereafter 

30 the 3'-oxo groups are replaced by Q in the manner described above, and the acyl groups of R4 are 30 
replaced, first with hydrogen, arul then with blocking groups R-, to form the compounds of formula 
XLVI. 

In Chart 5 the process is directed to lactones of formula Lll wherein there is triple bond at latent 

Cu— C,4. The general procedure follows that of U.S. Patent No, 4.029,681. The formula-XUX morny- 
35 halo compound is obtained by hak>genation of XXXVIII to yield XLVII followed by dehydrohalogenation 35 

and dehalogenation. The halogenation is conveniently done with a reagent such as N-bromosuccinimkle 

or alternatively, a solutton of bromine in carbon tetrachloride. Dedhydrohalogenation proceeds by 

addition of a base such as pyridine or methanolic sodium acetate. Dehalogenation is achieved with the 

usual reagents, for example zinc-acetic ackl. 
40 Optionally the formula-XUX mono-halo compound is prepared using lactone XXXVII of Chert 3 40 

and a Witting reagent derived from a 1 -hak>phosphonate. Whereas bromo is shown In Chart 5. chloro 

derivatives are useful for this procedure. 

The formula-L compounds are obtained by replacing the 3'-oxo group with Q. replacing acyl 

groups at R,^ witii hydrogen, and ttien blocking hydroxyl groups with R,^ Thereafter formula-U 
45 compounds are obtained by dehydrogenation, for example with a strong baae such aa potassium 45 

t-butoxide o* sodium methoxide in dimethylsulfoxide or similar aprotic solvent. The formula-Lli lactone 

results from LI on standing with a trace of ackJ present. 

Referring now again to Chart 1 . for tiiose compounds in which D is 

R,o 

cis— CH=CH— CH,— <CH,),— C— 

t 

50 the transformation of VIII to IX and X is shown specifically In Chart 7 in the sequence VIII — Ull — LIV 50 
— LV. In Chart 7 step la) the formula-VIII lactone is reduced to lactol Llll and thereafter that lactol is 
alkylated by the Wittig reaction using an ylk^ prepared from a phosphonium bromWe of the formula 
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I 

(C,H^,P*— CHjCH,— <CH,),— COOH 

I 

Br- fln 



in step (b) of Chart 7 to yield LIV. Thereafter in step (c) the PQF^a-type products of formula LV are 
obtained by replacing blockir>g groups R,, at R,, and with hydrogen and optionally eaterlfying the 
acid. When R^^ and R,, are fluoro, for example, the products are 2^2-dlfluoro-1 S^O-dldehydro-PCF^a- 
5 type compounds. 5 
In Chart 1 , the PGF^a-type products with blocking groups reprssented by formula IX are optlonalty 
transformed to PGE^-type compounds XI using oxidizir^g agerrts and conditions which selectively oxidize 
secondary hydroxy groups to carttonyl groups in the preserK^e of carlxyv-carbon double borxls. Oxidation 
reagents known in the art for this purpose include the Jones reagent, i.e. chromic acid, for which see J. 

1 0 Chem. Soc. 39 ( 1 946). Thereafter the formula-XII 1 9,20-didehydro-PGE,-type compounds are obtained 10 
by deblocking the formula-XI compouruis. 

The formula-XII 1 g^O-didehydro-PGEj-type compounds are also useful for preparing PGF^^type 
compounds within the scope of formula III by the general method of carbortyi reduction as is known in 
the art. See for example U.S. Patent No. 3.796.743 or Bergstrom e* '^'^ Chem. Scend. 1 6, 969 

15 (1 962). Any reducing agent is used which does not react with carbon-carbo.i double bonds or ester 1 5 
groups. Preferred reagents are lithium (tn-tert-butoxy) aluminum hydride, the metal borohydrtdes. e.g., 
sodium, potassium and zinc borohydrides and metal trialkoxy borohydrides. e.g.. sodium 
trtmethoxyt>orohydride. The mixtures of alpha and beta hydroxy reduction products are separated into 
the individual alpha and beta isomers by methods known in the art for tfie separation of analogous pairs 

20 of known isomeric prostanoic ackf derivatives. See for example. Bergstrin et al.. cited above. Granetrom 20 
et at., J. Biol. Chem. 240. 457 (1965). and Green et al., J. Upid Research 5. 117 (1964). Especially 
preferred as separation methods are column or partitk>n chromatography procedures, both normal 9nd 
reversed phase, preparative thin layer chromatography and countercurrent distribution procedures. 
Again following Chart 1 , 9-deoxy-9 -methylene* 19. -2 O-didehydro-PGE, compounds of formula 

2 5 XIV are obtained from the formuta*XI compourKls using procedures known in the art. See for example 25 
U S. Patent No. 3.950,363. applying the procedure of C. A. Johnson et al.. J. Am. Chem, Soc. 95. 6462 
(1973). Here the carbanion of a sulfoximina of the formula 

C.H, 

II 

0=S=N— CH, 

II 

CH, 



generated, for example, with an alkyllrthium or an alkylmagnesium halide. is reacted with the formule-XI 
30 compound to form a sulfonimidoyi adduct of formula LVI. 30 
Thereafter reductive elimination with, for example aluminum amalgam in the presence of ecids 
such as acetic ack* or hydrochloric ackj yields the formula-XIV products, generally free of the btocking 
groups. If formula-Xtll compour>ds are present they are readily hydrolyzed in the known way to remove 
btocking groups R,,. 

35 Other formula-Ill 1 9^0-didehydro compounds within the scope of D are prepered by the 35 
processes of charts 8—1 5. VS^ D is cis-CH,— CH-CH— CH,— CH,— , reference is mede to 
chart 8. See also U.S. Patent No. 3.933.889. Lactol Ull is transformed to enol ettter LVIl for example by 
reaction with hydrocart»yk>xymethylenetriphenylphosphorane of the formula (C,H^/»CH — OR^. 
although R„ is preferably alkyi of one to 4 carbon atoms, indush^. See. for exanr^le. S. G. Levine. J. 

40 Am.Chem. Soc. 80. 61 50 (1958). The reagent is conveniemty prepared from a con^eapondlng 40 
quaternary phosphonkim halide and a base. e.g. butyllithium or phenyllithium at a low temperature, 
such as below -1 0«C. Methoxymethylene-triphenylphoaphonium chloride is pertlcularty uaef^l. 
Various other hydrocarbyksxymethylenetriphenytphosphoranes are useful for prepering the formula-LVII 
intermediates, wherein R„ is hydrocarbyl. including alkoxy (of 1 to 4 carbon atoms>-. aralkoxy-. 

45 cycloalkoxy-. and aryloxymethylenetriphenylphosphoranes. Examples of these 4k 
hydrocarbyk>xymethylenetriphenylphosphoranes are 2-methylbutoxy-. isopentytoxy-. heptyfoxy-. 
octyloxy-. nonytoxy-. tridecytexy-, octadecyloxy-. benzytoxy-. phenethytoxy-. p-methylphenathyfoxy-. 
1 -methy1.3-phenylpropoxy-. cydohexyfoxy-. phenoxy-. and p-methytphenoxymethylenetripheny|. 
phosphorane See for exanople Organic Reactions Vol. 1 4. pages 346—348. John W»ey and Sons. Inc.. 

50 N.Y. (1966). 

ConskJer next step ib} of Chart 8 ¥vherein the formuia-LVii enoi ether intermediates are hydroly^ 
to the formula-LVIII Isctols. This hydrolysis is done under acMtc condlttons for example wfth per chknk; 
acid Of acetic acid in tetrahydrofuran. Reaction temperatures of lO^C. to 100*C. may be emptoyed. 

Finally in step (c) of Chart 8. the formula-LIX compounds are obtained by the Wlttig reectlon iieinQ 



50 
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the ytid derived from 3-carboxypropyttriphenylphosphonium halide and sodk) methylsulfinylcarbanide. 
Dimethyl sulfoxide is conveniently used as a solvent, and the reaction may be done at about 25^C. 
Thereafter the blocking groups are removed by mild add hydrolysis to yield the A* products of fonnu la 

LIX. 

5 1 9,20-didehydro compounds of formula Hi wherein 0 is — (CH,), — (CH|), — CH, — are prepared 5 

by the process of Chart 9. The enor>e compound LX is available by the steps of Chart 1 0. In Chart 1 0 the 
starting compound is a lactone of formula VIII blocked at R^, and Q,. for whIcK see the same formula- 
Vltl compound discussed above for chart 1 and related charts 2 — 5. In step (a) of Chart 1 0 the triol acid 
of formula LXVIII is formed by hydrolysis, opening the lactone ring. The hydrolysis occurs in a solvent 

1 0 containing water, for example, in methanol, dioxane. or tetrahydrofuran, in the preaerice of a bmam, such t o 
as an alkali metal hydroxide or cart>onate. preferably sodium hydroxide. The reaction occurs in the range 
of about 0^ to 1 0O^'C. and is conveniently done at ambient corNjitions. In this, as in all steps described 
herein, the duration of the reaction is determined most readily by following it with TLC. During this step 
the bk>cking groups R„ are not removed. 

1 5 In step (b) silylated compound LXIX is obtairied from LXVtll by procedures known in the art or 15 

described herein. See, for example. Pierce, "Silylation of Organic Compounds", Pierce Chemical Co., 
Rockford, lltiriois ( 1 968). The necessary silylating agents for these transformations are known in the an 
or are prepared by methods known in the art See, for example. Post, "Silicones and Other Organic 
Silicon Compounds", Reinhold Publishing Corp., New York, N.Y. (1949). These reagents are used in the 

20 presence of a tertiary base such as pyridir>e at temperatures in the rar^ge of about 0^ to +50*C. 20 
Alternately, a chlorosilane is used with a corresponding disllazane. 

Although a wide variety of silyiating agents are available, it is preferred that the sityl groups on the 

ring contain at least one hir>dered group, for example: 



isopropyl, 

25 secondary butyl, 25 
tert-butyl, 
cyclohexyi, or 
phenyl. 

The siiyi groups with hirKiered sut>stituenU are characteriied as being less susceptitMe to 
30 hydrolysis than, for example, trimethytsilyl, and thvirefore resistant to replacement during subsequent 30 
steps, particulariy step Id). Examples of preferred sityl groups for the cyclopentane nng are: 



isopropykjimethylsi hrl . 
seC" butyldimethylsilyl. 
ten-butyldimethyisilyt, 
35 triisopropylsilyl, 

cydohexykjimethytsilyl, arnJ 
triphenylsllyi. 



In addition to the silylation methods discussed above, it is advantageous to silylate with a 
chlorosilane in the presence of imklazole in a solvent such as dimethytformamkle. See Corey et al., J. 

40 Am. Chem. Soc. 94, 6 1 90 (1 972). The temperature range for the reaction is about —10^ to BO^C. 40 
In step (c) the formula-LXX compound is obtair>ed by selective hydrolysis of silyl from the terminal 
carboxyl group. Generally an alkali metal cart>onate is employed in water and a coeolvertt such as 
methanol, tetrahydrofuran or dioxane, in a temperature range of about - 1 0" to 1 00**C. If the sllyl 
group on the ring is hir^dered, s stronger base such as sodium hydroxide may be used to selectively 

45 remove the silyl group from the cartK>xyi. 45 
In step (d), oxidative decarboxylation is employed to yiekl the formula-LXXI compound. See J. D. 
Bacha and J. K. Kochi, Tetrahedron, 24, 22 1 5 (1 968). Compound LXX Is treated in solution, for example 
in benzene, toluene, xylene, or heptsr>e. with a copper (III salt such as the acetate, chloride, or nitrate, 
sdubilized with a compound such as pyridine, folk>wed by a lead (IV) salt such as the acetate or 

50 benzoate. Decarboxylation may be dor>e either thermally (60 — lOO^Oorphotochemicelly using 5Q 
radiation of about 3000 — 3700 A as from mercury vapor lamps, in a temperature range of about 0* to 
60*C. 

In step (e), the compound of formula LXXIl is obtained by aelective hydrdyais of the sliyi groups 
whhout removing the R,^ blocking groups. For this purpose a baae la ueed In a lk|uU medium euch as 
55 dioxane or tetrahydrofuran. For unhindered silyl groups an alkali metal carbonate Is useful; for hindered 55 
groups, such as dimethyi-t-butylsilyl, a tetra-n-alkylamnK)nium fluoride auch aa tetre-n-butylammonkim 
fluoride is preferred, in a temperature range of -10* to ^-50**C. See E. J. Corey et al.. J. Am. Chem. Soc. 
94,6190(1972). 

In step (f) the formula-LX ketone la obtained by oxklatioa Ueeful for thie purpoee la pyf1dM«im 
60 chtorochromate. Collins reagent, and especially Jones reagent at about -40*C. to about 26*C 8m J. m 
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Chem. Soc 39 ( 1 946). Acetone is a suitable diluent for this purpose, and a slight excess beyond the 
amount necessary to oxidize the hydroxy groups of the reactant is used. 

Referring again to Chart 9, step (a), compound LXI is obtained by conjugative addition with a 
lithium diaryt cuprate reactant prepared from 

Rio 

5 Br— (CHjjj— <CH,),— C— CH,— O— Si{A)3 5 

Rn 

wherein SilA)^ is as defined above. For the synthesis of a cuprate reagent see. for example, Posner, Org. 
React. 1 9,1 (1 9721 and Normant, Synthesis 63 <1972). See also Posner for typical conditions for 
addition to an enone. 

It is conveniently done in a solvent such as diethyl ether or tetrahydrofuran at about — 78**C. to 
10 0°C. A related addition has been reported by Stork et al., J. Am. Chem. Soc. 97, 4745 (1975). iq 

in step (b) compound LX!I is obtained by reduction of the ketone, using methods known in the art, 
for example with sodium borohydride at about 0°C. or lithium tri (sec butyl )tX)rohydride. The reduction 
yields both 9r> and 9^ hydroxy epimers which are separated, for example by silica gel chromatography. 

In step (c) the formula-LXItl compounds are obtained from the formula-LXII compounds above t>y 
1 5 blocking free hydroxyls with R^, cart>oxyacyl groups. For example, R^^ may represent an aromatic group \ 5 
such as t>enzoyl, substituted benzoyl, mono-esterified phthaloyi, naphthoyi arKj substituted naphthoyt, 
or an aliphatic group such as acetyl or pivaloyl For introducing those blocking groups, methods known 
in the art are used. 

Thus, an aromatic acid of the formula R|gOH, wherein R,^ is an aromatic group within the scope of 

20 as defined above, for example benzoic acid, is reacted with the formula-LXII compour>d in the 20 
presence of a dehydration agent, e.g. sulfuric acid, zinc chloride, or phosphoryl chloride: or an anhydride 
of the aromatic acid of the formula (R^ljO. for example benzoic anhydride, is used. 

Preferably, however, an aromatic acyl halide, for example benzoyl chloride, is reacted with the 
formula-LXII compound in the presence of a tertiary amine such as pyridine, tricthylaminc. and the like. 

25 The reaction is carried out under a variety of conditions using procedures generally known in the art. 25 
Generally, mild conditions are empkjyed, e.g. 20 — 60**C.. contacting the reactants in a liquid medium, 
e g. excess pyridine or an inert solvent such as benzene, toluene or chloroform. The acytating agent is 
used either in stoichiometric amount or in excess. There may be employed, therefore, benzoyl chloride, 
4-nitrobenzoyl chloride. 3,5-dinitrobenzoyl chloride, and the like, i.e. R,gCI compounds corresponding to 

30 the above R,, groups. If the acyl chloride is rot available, it is made from the corresponding acid and 39 
phosphorus pentachloride as is known tn the art. 

Aliphatic cart)oxyacylating agents useful for this transformation are known in the art or readily 
obtainable by methods known in the art. and include cart>oxyacyl halides. preferably chlorides, bromides 
or fluorides, and cart>oxyacid anhydrides. The preferred reagent is an acid anhydride. Examples of acid 

35 anhydrides useful for this purpose are 25 

acetic anhydride, 
propionic anhydride, 
buryric anhydride, 
penianoic anhydride. 
40 nonanoic anhydride, 

fridecanoic anhydride, 
stearic anhydride. 

(mono, di or tri)chloroacetic anhydride. 
3*chlorovateric anhydride. 

45 3 (2 -bromoethyl)-4,8-dimethylnonanoic anhydride. ^ 

cyclopropaneacetic anhydride. 

3-cvcloheptancpropionic anhydride, 

1 3-cyclopentanetridecanoic anhydride. 

phenylacetic anhydride, 
50 (2 or 3)-phenylpropk)nic anhydride, 

1 3 phenyltridecanoic anhydride, and 50 

phenoxyacetic anhydride. 

In step (dl the formula-LXIII compounds are deblocked at C-1 to yield the formula-LXIV alcohols 
by selective hydrolysis without removing blocking groups R,» and R„. For example, if — SMA), is ten- ' 
55 butyldimethylsdyl. tetra-n-butylammonium floride is employed. 

In step (e) the formula-LXV compounds are obtained by oxidizing the terminal C-1 hydroxy! groups 
of LXIV to carboxyl groups using methods described herein or known in the art. 



40 
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In step (f) the formula-LXVI compounds are obtained by selective hydrolysis of the blocking 
groups, using base hydrolysis to replace acyl blocking groups R,,. For example aqueous potassium 
hydroxide is useful at about 25 — lOO^'C. 

Finally in step (g) the formula-LXVII PFG,-type products are obtained by removing the R,, blocking 
5 groups by mild acid hydrolysis. 5 
The formula-LXVI compounds are useful for preparing PGE,-tYpe product following Chart 1 . 
1 9,20-didehydro compounds of formula III wherein D is trans-CCHjlj — CH=CH — are prepared by 
the process of Chart II The starting materials of formula LXXIII are available, for example by esterifying 
the formula-LXVI compounds of Chart 9 and silylating at C-9. For background in preparing A'- 
1 0 prostaglandin analogs, see for example U.S. Patent No. 4.024, 1 74. 1 0 

In step (a), selenylation is achieved by first forming 2-lithium derivatives of the formula-LXXIII 
compounds for example by reaction with a lithium amide formed from a secondary amine such as N- 
isopropylcyclohexylamine. Thereafter the formula-LXXIV compounds are obtained by reaction with 
diphenyldiselenide or benzeneselenyl bromide using about 3 equivalents for each molecular equivalent 
15 of the C-2 lithium derivative at about -78°C. 15 
In step (b) the formula-LXXV \2 compounds are formed by oxidative elimination, for example with 
hydrogen peroxide or sodium periodate 

In steps (c) and (d) the blocking groups are removed stepwise. Intermediate LXXVI is useful for 
preparing A^-PGE, compounds. 
20 Compounds of formula III wherein D is — (CHj), — 0 — (CHjjp — including — (CH,), — 0 — CHj — , £0 

— (CHj)j — 0— (CHj)^— . and — CHj— O— (CHjIj— , are prepared by the process of Chart 12. The 
starting materials of formula LX are available from the steps of Chart 10. above. In step (a) compournJ 
LXXVIII is obtained by conjugative addition with a lithium diaryl cuprate reactant prepared from 

Br— <CH,),— O— (CHjlp— CHj— O— Si<A), 

25 following the general procedure for Chart 9 above. Likewise steps (b) through (g) follow the procedures 25 
for Chart 9 described above, but proceeding here through intermediates LXXtX, LXXX, LXXXI, LXXXII, 
and LXXXIII to 3-, 4-, or 5-oxa-PGF,*^ products represented by formula LXXXIV. 

The 5-oxo-PGF,a products are alternatively prepared by the steps of Chart 1 3 which yield 
LXXXVII. Starting materials are lactols Llll, for which see Chart 7 above. Step (a) yields alcohol UCXXV 

30 on reduction with aqueous methanolic or ethanolic sodium borohydride. Alternatively the predecessor 30 
lactone VIII of Chart 7 is reduced in one step to LXXXV for example with lithium aluminum hydride or 
diisobutylaluminum hydride at 0 — In step (b) the Williamson synthesis yields the form ula*LXXXVI 
intermediates by reaction with a halobutyrate of the formula 

Hal— (CHj)3— COOR, 

35 or an onhoester of the formula 35 

Br— (CHj),— C(0R,)3. 

For background see U.S. Patent No. 3,931 ,2 79, column 35. Finally in step (c) product LXXXVH is 
obtained by removing blocking groups R^s by acid hydrolysis in the usual manner. 
Inter-phenylene 1 9,20-didehydro compounds of formula III wherein O is 



40 



are prepared by the process of Chart 14 The starting materials of formula LX are available from the 
steps of Chart 10. above. In step (a) compound LXXXVIII is obtained by conjugative addition with a 
lithium diary! cuprate reactant prepared from a compound of the formula 



(CHj)2-CH20.Si( A)3 



40 



45 following the general procedure for Chart 9 above. Thereafter steps (b) through (g) follow the 45 
procedures for Chart 9. described above, but proceeding through intermediates LXXXIX. XC. XCI. XCII, 
arKj XCIII to the inter-phenylene end products XCIV. 

The formula-XCIII compounds arc useful for preparing PGE^-type products following Chart 1 . 

Oxa-phenylene 1 9.20-didehydro compounds of formula III wherein D is 



50 

are prvpsred by the procsts of Chan 1 5. Here again the formula-LX starting materials are availabt* from 
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the steps of Chart 1 0 above. In step (a) compound XCV is obtained by conjugattve addition with a 
lithium diary! cuprate reactant prepared from a compound of the formula 



0-Si(A)3 



following the general procedure for Chart 9 above. Steps lb), ic), and (d) follow the procadurea for 
5 simitar steps (b|, (c), and (d) In Chart 9 described above, but proceeding through intermediates XCVI. 6 
XCVII, and XCVIII. In step (e) the Williamson synthesis yields the formula-XCIX intermediate by reaction 

with a haloaceiate of the formula 

Hal— CHj--COOR, 

or an orthoester of the formula 
10 Br— CHj— CiORJj. )q 



In step if) compound C is obtained by selective hydrolysis of the acyl blocking groups, using I 
hydrolysis and in step (g) the R,^ blocking groups are removed by mild ackl hydrolysis to yield CI. 
The formula-C compounds are useful for preparing PGE,-type products following Chart 1 . 

1 5 Referring to formula III for the 1 9»20-didehydro compourxis disclosed herein, the preparation of ^ 5 

compounds within the scope of Q, R,. R,, R4, W, and X as defined herein has been discussed above 
and illustrated by Charts 1 — 1 5 Still other transformations may be accomplished by chemical 
processes which are known to those skilled in the art. 

Charts 1 — 1 5 are generally shown to yield the acid form of the products. If a PGE-type product is 
20 obtained as an ester, the acid form is prepared by enzymatic hydrolysis using an esterase enzyme 20 
comp>osition obtained from Pfexaura homomalia (Esper) 1 792, for which see U.S. Patent No. 
3,840.434, October 8, 1 974. If as in Chart 1 1 , a lower alkyi ester of a PGF,-type intermediate or 
product is obtained, that ester is readily converted to the acid form by saponification. The acid is then 
used to prepare various esters of formula III within the scope of R, by methods kr>own in the art. For 

2 5 example, the alkyI, cycloalkyi, and aralkyi esters are prepared by interaction of said acids with the 25 

appropriate diazohydrocarbon. For example, when diazomethane is used, the methyl esters are 
produced. Similar use of diazoethane. diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, arKj 
phenyldiazomethane. for example gives the ethyl, butyl, 2-ethylhexyl, cyck>hexyt, and benzyl esters, 
respectively. Of these esters, the methyl or ethyl are preferred. 

30 Esterification with diazohydrocartx}ns is carried out by mixing a solution of the diazohydrocartxNi 30 

in a suitable inert solvent, preferably diethyl ef Her. with the acid reactant, advantageously in the same or 
a different inert diluent After the ester rficat on reaction is complete, the soh/ent is remo^Kl by 
evaporation, and the ester purified, if desired, by conventior>al methods, preferably by chromatography. 
It is preferred that contact of the ackl reactants with the diazohydrocarbon be no lortger than necessary 

35 to effect the desired esterification, preferably about one to about ten minutes, to avoid urtdesired 
molecular changes. Diazohydrocartx>ns are known in the art or can be prepared by methods known in 
the art. See, for example Organic Reactions. John Wiley Er Sons. Inc.. New York, N.Y. Vol. 8, pp. 
389—394(1954). 

An alternative method for esterification of the cartwxyl moiety of the acki compourKls of formula 
40 HI comprises transformations of the free ackj to the corresponding siNer salt, followed by interaction of 40 
that salt with an alkyl iodkje. 

The phenyl and substituted phenyl esters of the formula III compounds are prepared by siiylating 
the acid to protect the hydroxy groups, for example, replacing each — OH with — 0 — Si — <CH,),. Doing 
that may also change — COOH to — COO— Si— <CH,),. A brief treatment off the silylated compound with 
45 water will change — C0O--Si(CH,), back to — ^OOH. Procedures for this silylation are known in the art 45 
and are available. Then, treatment of the silylated compound with oxatyl chloride ghms the acM chloride 
which is reacted with phenol or the appropriate substituted phenol to gh^e a silylated phenyl or 
substituted phenyl ester. Then the silyl groups, e.g.. — O— Si — (CHJ, are changed back to —OH by 
treatment with dilute acetic acid. Procedures for these transformations are known in the art. 
50 A preferred method for substituted phenyl esters is that disclosed in U.S. Patent No. 3,890,372 in 50 

which a mixed anhydride is reacted with an appropriate phenol or naphthol. The anhydride is formed 
from the acid with isobutylchloroformate in the presence of a tertiary amine. 

Phenacyl-type esters are prepared from the acid using a phenacyl bromkie. for example p- 
phenylphenacyl bromide, in the presence of a tertiary amine. See for exanrH>le U.S. Patent No. 
55 3.984.454. German Offenlag, 2.535.693. and Derwent Farmdoc No. 16828X. 55 
Charts 1 6—20 relate to transformations at C-1 for these 1 9,20-didehydro compounds. 
When a 2 -decarboxy- 2 -hydroxy methyl product is desired, i.e., when R, is — CH,OH, the acid or 
lower alkyl ester form of III is reduced (see Chart 1 6 Cll to Clll) using reagents known to reduce 
carboxylic acids to corresponding primary alcohols. See for example U.S. Patent No. 4,028,419, as to 
60 Uthiom aluminum hydride or dilsobutylaluminum hydride. Useful solvents include diethyl ether, eO 
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tetrahydrofuran or dimethoxyethane. The reaction may be run at -78^C to lOO^C. although preferably 
at about 0°C . to 50^C. Other cart>onyl groups in the molecule will also be reduced unless suitably 
protected as oximes. ketals. or similar carbonyl derivatives which are readily restored to carbonyls after 
the reduction has been accomplished. 
5 A 2-decarboxY-2-hydroxvmethyl-PGE type compound may also be prepared by blocking the C-1 
alcohol groups as shown in Chart 1 6. formula CV. Thereafter the C-9 hydroxy is oxidized to form CVI 
and finally the — SilAlj blocking group is removed by hydrolysis, tt is preferred that — SKA), be tert- 
butyl-dimethylsilyl. 

Compounds in which is 

0 

1 0 — CHj— N(R,) (R.) or _C— N(R,) (R,) 



10 



are conveniently prepared from the formula-Ill products which are acids, i.e. R, is — COOH. For 
background see U.S. Patent No. 4.085 J 39. PGF-type compounds or 9-methylene compounds are 
simply converted to a mixed anhydride using an alkyi, aralkyl. phenyl, or substituted phenyl 
chloroformate in the presence of a tertiary amine. A preferred reagent is isobutyichloroformate.The 
1 5 anhydride is then reacted with ammonia or the appropriate amine (R,) (Rg)NH to form the amide ^ c 

wherein R^ is 

0 

II 

— C— N(R,) (R>|. 

The 2-decartx3xy-2-aminomethyl compound is prepared from the amide by carbonyl reduction using 
methods known in the art, for example lithium aluminum hydride reduction. PGE-type compounds are 
20 obtained by oxidation of the PGF-type compounds preferably when the terminal amine group is in the 20 
form of an amine salt. 

In Chart 1 7 is shown an alternate procedure for the amine-terminated PGE-type compounds. The 
starting material of formula CVItl is obtained from a formula-Ill 19,20^idehydro PGE-type compound 
by ketalization with ethylene glycol. For twckground see, for example. M. J. Cho et al.. J. Medicinal 
25 Chem. 20. 1 525 ( 1 977). Anhydride CIX is formed in step la), amide CX in step lb), and amine CXI in 25 
step ic). Finally in step (d) the ketal is hydrotyzed to the PGE-type product CXIl by methods known in the 
art. See also U.S. Patent No. 3.91 5.994. 
Compounds in which R, is 

0 

II 

NH— SOj— R„ 

30 i.e. the N-sulfonylamides. are prepared from the formula-Ill compounds in their acid form. In Chart 18 30 
are shown the steps by which those compounds, represented by formula CXIII, are transformed to the 
suHony lam ides of formula CXV. In step (a) the acid is converted to a mixed anhydride, here shown as 
CXIV, by reaction with isobutylchloroformate in the presence of a tertiary amine such as triethylamine. 
Other mixed anhydrides are also useful. In step (b) the anhydride is then reacted with the sodium 

35 derivative of a sulfonylamide of the formula Na — NH — SOj — R,, obtained for example by reaction of 35 
methanolic sodium methoxide with an equimolar amount of the sulfonylamide. The reaction of step (b) 
is promoted by the addition of a small amount of hexamethylphosphoramide to insure homogenity. 
CompourxJs in which R, is 

40 are obtained by either the process of Chart 1 9 or Chart 20. In Chart 1 9 the starting lactone Llll is 

available above, for example see Chart 7. Applying the NATittig reaction and using the ylid prepared from 
a phosphonium compound of the formula 

Br ^NH-H 

the formula-CXVI compound Is obtained. See U.S. Patent No. 3,928,391 . Replacement of blocking 
45 Q^ouQs R,4 then yields the products of formula CXVII. Optionally the CXVI compounds are transformed 45 
by methods disclosed herein or known in the art to other tetrazolyl compounds, e.g. PGE-type 
compounds, within the scope of formula III. 

In Chart 20 the process goes stepwise from an amide to a nitrile to a tetrazolyl compound. The 
starting materials CXVIII are available herein, for example from an acid blocked preferentially with at 
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C — 1 1 and C — 1 5 and converted to an amide by way of a mixed anhydride, then blocked wrth silyt 

groups at C — 9. 

In step (a) the formula-CXIX nitrtle is prepared by dehydration of amide CXVIII with a carbodiimide 
See C. Ressler et aL, J.Org. Chem. 26. 3354 (1961). For example, N.N'-dicyclohexylcarbodtimide (DCC) 
5 is useful in pyridine at about room temperature. 5 

in step (bl the tetrazolyl group in CXX is formed from the above nitrite by reaction with sodium 
azide ar>d ammonium chloride in a medium such as dimethylformamide. See "Heterocyclic 
Compounds' , R. C. Elderfield, ed., John Wiley and Sons, Inc.. N.Y.. Vol. 8. pages 1 1 — 1 2. 

In steps (c) and (d) the blocking groups — SHA), artd R,g are replaced by desitylation and mild acid 
1 0 hydrolysis In the usual manner to yield CXXI and then CXXII. Compound CXXI is useful as an 

intermediate for preparing other tetrazotyt compounds iricluding PGE-type products within the scope of 
formula III. 

In Chart 2 1 is shown a preferred route to the 1 5-alkyl compounds of formula LV. In step (a) 
intermediate CXXIV is formed by the Grignard reaction on CXXtll using R^MgHal or trialkylaluminum 

15 (see E. W. Yankee et ai.. J. Am. Chem. Soc. 96. 5865 { 1 974) and references cited therein). Starting 1 5 
maferiai CXXIII Is readily available, for example from XXXVII! of Chart 3 by steps disclosed herein or 
known in the art. Steps (b). (c), and (d) correspond to Chart 7. steps (a), (b). and (c) except that there 
need not be a blocking group at the 3' position. Products LV, mixed C — 15 epimers. are separated into 
the 1 5S and 1 5R forms, for example by silica gel chromatography, preferably in the form of their methyl 

20 esters. The free acids are readily obtained by saponification of the methyl ester with mild alkaline 2O 
conditions. 

Included in the 19,20-didehydro compounds of formula III are the pharmacologically acceptable 
salts when R, Is a cation. Such pharmacologically acceptable salts useful for the purposes described 
above are those with pharmacologically acceptable metal cations, ammonium, amine cations, or 

25 quaternary ammonium cations, 25 
Especially preferred metal cations are those derived from the alkali metals, e.g. lithium, sodium 
and potassium, and from the alkaline earth metals, e.g., magr>esium and calcium, although catkmic 
forms of other metals, e.g., aluminum, zinc, and iron are within the scope of this invention. 

Pharmacologically acceptable amine cations are those derived from primary, secoruiary, or tertiary 

30 amines. 30 
Salts containing pharmacologically acceptable cattor)s are prepared from the final formula-ill 
compounds in free acid form. I.e. wherein R^ is — COOH. by neutralization with appropriate amounts of 
the correspofKjing inorganic or organic base, examples of which correspond to the cations and amines 
listed above. These trartsformations are carried out by a variety of procedures known in the art to be 

35 generally useful for the preparation of ir>organic i.e., metal or amnrnxiium salts, amine acid addition 35 
salts, and quaternary ammonium salts. The choice of procedure deperxjs in part upon the solubility 
characteristics of the particular salts to be prepared. In the case of tfw inorganic salts, it is usually 
suitable to dissolve the formula-Ill acid in water containing the stoichiometric anr>ount of a hydrostide. 
carbonate, or bicarbonate corresponding to the inorganic salt desired. For example, such use of sodium 

40 hydroxide, sodium cart>onate. or sodium bicarbonate gives a solution of the sodium salt Evaporation of 40 
the water or addition of a water-miscible solvent of moderate polarity, for example, a lower alkarn)! or a 
lower atkanone, gives the solkj irtorganic salt if that form is desired. Amir>e and quaternary ammonium 
salts are prepared by similar methods using appropriate solvents. 

1 9 -Hydroxy Prostagisndtn Compounds 
45 This second section will disclose the procedures for preparing the formula-Ill 1 9-hydroxy 45 

prostaglandin compounds arxl intermediates illustrated by Charts 22 — 28. 

Referring to Chart 22, there is shown a simple method of forming ( 1 9R. S)- 1 9-hydroKy-PGF s. i.e., 

mixed 1 9R and 1 9S isomers. The 1 9.20-didehydro-PGF compounds of formula CXXVII are available by 

the methods described in the section above. The olefin is hydrated by oxymercuration-demercuration 
50 using mercuric acetate 8r>d sodium borohydride for which see Fieser et al., Reagents for Organic 50 

Syntheses. Vol. II. 1 969. p. 265. The oxymercuration is done conveniently at about 25*C.. after which 

:he mercury is removed by reduction with sodium borohydride. preferably at below 10*C. to minimize 

stde reactions. 

In Chart 23.(1 9R.S)- 1 9-hydroxy prostaglandin compounds are also nrtade by the processes 
55 disclosed, but here the approach is through a 1 1 9R.SI- 1 9-hydroxy lactone of formula CXXIX. The 55 
formuia-VIII 1 9.20-didehydro starting lactones are available by the methods described in the section 
above. Oxvmercuration<lemercuration in step (a) followed by blocking with R,, in step (b) then yields 
CXXIX. which is converted to CXXX and CXXXI by nwthods known in the art or described herein. The 
PGE-type compounds of formula-CXXXIII are obtained by oxidizing the formula-CXXX compounds et 
60 C — 9 to form CXXXII. thereafter removing blocking groups. 00 
Chart 24 illustrates the preparation of other 1 1 9R.S)- 1 9-hydroxy compounds, including 2- 
dec3rbory-2-hydroxymethyl compounds of formulas CXUI, CXLIV, and CXLV. Chart 24 illustrates the 
reduction of cartwxylic esters to the hydroxymethyl function and also the reduction of ethylenic 
unsaturation at C— 5 and C— 1 3. The formula-CXXXIV 1 9.20-dWehydro starting materials are avaHaWe 
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30 



from methods described in the section above. See for example the corresponding acids LIV of Chart 7 
which are readily esterified to these lower alkyi esters. 

In step (a) the silylated compound CXXXV is formed by the usual sitylation reactions, for which see 
the description for Chart 9 above. Of the various silyl groups, dimethyl-t-butylsilyl is preferred. In step (b) 
5 the terminal olef inic groups is hydrated by oxymercuration-demercuration to yield the mixed ( 1 9R)- and 5 
( 1 9S)- 1 9-hydroxy isomers. In step (c) catalytic hydrogenation over palladium yields a mixture of the 
PGF,(t and 13 1 4-dihydro-PGF,a compounds, indicated in formula CXXXVII by a solid and a broken line 
at c'j— C,^. In step (d). 1 9-hydroxyls are blocked, for example with THP. In step (e) the ester is reduced 
to carbinol CXXXIX using for example, lithium aluminum hydride. In step (f) the newly-formed hydroxyls 

1 0 are blocked, for example with THP. In step (g) the CXL compounds are desitylated to the CXU IQ 
compounds, for example with a tetra-n-alkylammonium fluoride as descrit>ed above for Chart 9. In step 
(h) deblocking, as in dilute acid, yields the PGF-type compounds of formula CXLII which are separated 
by silica gel chromatography. In step (i) the blocked PGF-type compounds CXLI are oxidized by the usual 
methods to the CXLIII PGE-type compounds which are deblocked and separated in step (j) to yield 

15 CXLIV and CXLV. 15 
If only the PGF-type compounds of formula CXLII are desired, the process is simplified according 
to Chart 25. In step (a) the 1 9 20-didehydro starting material CXLVI is hydrated by oxymercuration- 
demercuration to yield CXLVII. Catalytic hydrogenation then yields CXLVIt I, together with the 13.14- 
dihydro compound. CXLVIII is separated and reduced to CXLIX with lithium aluminum hydride and 

20 finally in step (d) the blocking groups are replaced with hydrogen using mild acid hydrolysis. 20 
1 9-Hydroxy compounds having specific configuration at C-1 9 are obtained in several ways. Chart 
26, herein, illustrates the use of a Grignard reagent prepared from one of the isomers of CLI. For details 
on the resolution of the (±)-1 -penten-4-ol as its phthalate ester via the brucine salt see J. C. Sih, 
Prostaglandins. Vol. 13. No. 5. pp. 83 1 —835 (1 977). The starting material XXVI is available, for which 

25 see the discussion above for Chart 2. In step (a) the formula-CLII lactone is readily obtained using the 25 
Grignard reagent identified above. Other formula-CLIII lactones having the various forms of Q. are 
prepared by methods known in the art including blocking, or, when Q, includes 3'-alkyl substitution, 
forming the 3 -0x0 compound by oxidation thereafter applying the Grignard reaction as for Chart 2 
above 

Chart 2 7 shows the steps for forming other lactones, which together with the formula-CLIH 30 
lactones of Chart 26 above are useful for preparing 1 9-hydroxy prostaglandins by the processes of 

Chart 28 ^ _ , 

In Chan 27 the formula-XXXVII starting aldehydes are available, as shown above for Chart 3, In 
step (a) the Winig reaction is employed using the ylid derived from a phosphonate of formula CLXI. In 

35 preparing 1 9-hydroxy end products having specific configuration at C— 1 9 the appropriate optically 35 
active isomer of CLXI is used. Preferably that isomer is used which yields an end product having highest 
pharmacological activity as determined by standard biological tests. 

Various methods are available for obtaining optically active ison>ers of CLXI. Preferably the 
phosphonate is prepared from dimethyl methylphosphonate and an optically active methyl ester of a 

40 corresponding 5-hydroxy-hexanoic acid, suitably blocked with R,,. Such hexanoic acids are available in 40 
resolved state by application of the phthalate ester-brucine salt procedure of Sih cited above. Thus, for 
example the methyl ester of 5 -hydroxy -hexanoic acid is esterified with phthatic acid and the half-ester 
thus formed is resolved via its brucine salt by fractional crystallization. Thereafter the acid is recovered 
and convened to the methyl ester and thence to the phosphonate. Other 2-substituted-5-hydroxy- 

45 hexanoic acids are known or available to those skilled in the art. For example when and R4 are methyl. 45 
the methyl ester of 2,2-dimethyl-5-oxo-hexanoic acid is reduced. When R, and R4 are fluoro, the methyl 
ester of 5-hydroxy-2-oxo-hexanoic acid is fluorinated, for example with molybdenum hexafluoride- 
boron irifluoride Sec U.S. Pat. No. 3.962.293. These acids are resolved in the same manner as 
described above ar>d thereafter converted to phosphonates. 

50 Still another method of obtaining the optically active 5-hydroxy-hexanoic acids is by starting with 50 

an optically-active a;-halopenian-2-ol. for example Br — (CH,), — CH(OH) — CH,. blocking the hydroxyl 
for example with THP, then forming a Grignard reagent and reacting it with cartx>n dioxide following 
Organic Synthesis. Coll- Vol. 1 . 2nd ed.. 1 948, H Gilman, editor. John Wiley, N.Y. 

Continuing with Chart 27, in steps (bl. (c), and (d), the 3'-oxo group of CLIV is reduced, the R,4 

55 cartK)xyacyl blocking groups are replaced first with hydrogen and then with R,. blocking groups, and all 55 
other free hydroxyl groups such as at Q are also btocked to yield the formula-CLVI intermediate. 
Conversion of the trans-CH=CH — olefinic group to cis-CH=CH — . to acetytenic — CmC — . or to 
ethylenic — CHfiH, — is accomplished by adaptation of the procedures discussed above for Charts 3. 4. 
and 5. 

5Q In Chart 28 the steps leading to products CLXIV. CLXVI. and CLXVIIt are shown. The starting ^ 

materials CLXII include CLIII of Chart 26 and CLVI. CLVIt. CLVIII. and CLtX of Chart 27. and the general 
procedures described above for Chart 1 are used 
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/ 9 -Keto Prostaglandin Compounds 

This third section will disclose the procedures for preparing the formula Ml 1 9-keto prostaglandin 
compounds illustrated by Charts 29 — 33. 

Referring to Chart 29, the formula-CXXXVI 1 9-hydroxy compounds of Chart 24 are oxidized to 19- 
5 keto compounds. Suitable blocking at C— 9, C— 1 1 . and C— 1 5 hydroxyls protects thoee hydroxyfs 5 
from oxidation when preparing 1 9-keto-PGF-type compounds of formula CLXX, In preparing 1 9-keto- 
PGE-type compounds of formula CLXXIII. both C— 9 and C— 1 9 hydroxy groups are preferably oxidized 
in one step, using for example the Jones Reagent at about — 35®C. 

Chart 30 shows a series of similar reactions for preparing the more general compounds of formula 
1 0 CLXXVII and CLXXX. The starting materials of formula IX are available from Chart 1 above. The formula- 10 
CLXXV mixed ( 1 9R,S) or (±) 1 9-hydroxy compounds may be replaced with either the (19R) or (19S) 
compounds available, for example, from Chart 28 above. 

Chart 3 1 shows a sequence of steps for preparing 2-decarboxy-2-hydroxymethyl-l 9-keto-PGE, 
compounds The formula-CXLIX starting compounds are available from Chart 25 above. In step (a) the 
y 5 C— 1 hydroxy groups are preferentially blocked by sllyl. In step (b) the C — 9 and C — 1 9 hydroxyls are 1 5 
oxidized, for example with Collins reagent In step (c) the blocking groups are replaced with hydrogen in 
the usual way, and the resulting product CLXXXIII and hemSacetal CLXXXIV separated by silica get 
chromatography for example. The hemiacetal is converted to the 1 9-keto compound by miW acid, as in 
acetic acid-water-tetrahydrofuran. 
20 Chart 32 illustrates a process for broadly-defined 2-decarboxy-2-hydroxymethyl-1 9-keto-PGE 20 
compounds of formula CXCI. The starting materials CLXXXV are readily available, for example by 
esterification and silylation of CLXXV of Chart 30 above. Procedures for each step have already been 
described. Thus, for step (a) the reduction of the ester to carbinol CLXXXVI follows that for step <e) of 
Chart 24. Intermediate CLXXXVIII is also a convenient source of 1 9-hydroxy products CLXXXIX. 
25 Chart 33 shows steps leading to 2-decartx)xy-2-hydroxymethyl-19-keto-PGF compounds of 25 
formula CXCVI utilizing previously discussed procedures for each transformation. The starting materials 
CXCII are readily available, for example by esterrftcation and bk>cking of IX of Chart 1 . 
/ 9-Hydroxy- 1 B-methyl Prostaglandin Compounds 

This fourth section will disclose the procedures for preparing formula-Ill 1 9-hydroxy- 19-methyl 
30 prostaglandin compounds illustrated by Charts 34 — 49. 30 
Referring to Chart 34, tttere are shown the process steps from lactone CXXIX to end products CCI 
and CCIIL 

Starting materials of formula CXXIX are available from Chart 23 above. In step (a) the hydroxyls 
are oxidized to keto groups, for example with Jones reagent. In step (b) the tertiary carbinol is formed, 
35 either with methylmagnesium halide or trimethylaluminum. Step (c) is the transformation to a lactol and 35 
step (d) is Wittig alkytation using an ylid as described above for Charts 1 and 7. Removal of blocking 
groups yields PGF compounds CCI; oxidation of hydroxyls of CC at C — 9 leads to PGE-type compourxJa 
ceil and CCIII. 

Chart 35 illustrates the transformation of 1 9-keto conipounds in general, suitably blocked, to 19- 
40 hydroxy- 1 9-methy I compounds. For the acids, trimethylaluminum in benzene is the preferred reagent In 40 
step (a): for esters, the Grignard reagent is useful. The formula-CCV and -CCVII intermediates are useful 
for making the formula-CCVI, -CCVIII, arxj -CCX products, applying the general procedures discussed 
above for Chart 1 . 

Referring to generic formula III for the 1 9-hydroxy- 19-methyi compounds, other compounds 
45 within the scope of 0 are available not only by the processes of Chart 35 but by the processes of Chert 45 

36—45. 

Chart 36 shows the reduction of the olefinic group in the "upper" (carboxy- terminated) side chain. 
For this purpose hydrogenation in the presence of palladium catalyst is useful. Thereafter products 
CCXIII and CCXV are obtained. 

50 When D is cis-CH,— CH=CH— CH,— CH,— , the steps of Chart 37 are useful. Lactol CXCIX is 50 

available from Chan 34 above. Thereafter steps (a), lb), and (c). following the procedures described 
above for Chart 8. yield product CCXVIII. 

Compounds of formula VI | A' compounds) wherein D is trans-(CH,), — CH=eCH — are prapered by 
the process of Chart 38. Starting materials CCXIX are available from a formula-CCIV compound (Chart 

55 35) wherein D is trimethylene by reduction of the carboxy I group to hydroxymethyl, for example whh 55 
lithium aluminum hydride. Aldehyde compound CCXX is obtained by oxidation of the — CH^OH of 
CCXIX to — CHO, using for example CoHins reagent (pyridine — CrO,) at about 0 — 10*C. In step (b) the 
Wittig reaction is used, with an ylid obtained from (CH,0)jP(OK:HjCOOH. See for example Oerwent 
Farmdoc Abstract No. 5071 5v. Blocking groups are removed in step (c) in the conventional way to form 

60 CCXXII. ^ 
Chan 39 represents jsn alternate process to A* compounds, via selenylation-deselenylation, 
applying the procedures described for Chart 1 1 above. Starting materia! CCXXII! is available hertin. for 
CKampte from CCXIl of Chart 36. It is immaterial whether C— 1 9 hydroxyls are blocked or not. Blocking 
at C— 9 may be either with R„ or silyl. Accordingly steps (a), (b), and (c) yield products CCXXVI. 

65 The 3 and 4^Ke compounds are obtained by the processes of Charts 40 and 4 1 . Those oef>eral 05 
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procedures are known in the art. see for exampte U.S. Patent No. 3,944,593. Compounds CCXXXI and 
CCXXXVIIt are formed thereby. 

The 5-oxa compounds of formula CCXLI are prepared by the steps of Chart 42. The procedures 
have been described above for Chart 1 3. 
5 Inter-phenylene compounds of formula CCL are obtained by the procedures of Chart 43 starting 5 
with the intermediates of formula CCXLIIt. Those intermediates are shown as the products of Chart 44 
starting with lactone CXCVIII of Chart 34 and applying the general procedures of Chart 10 above. 

Oxa-phenylene analogs of formula CCLXV are produced by the steps of Chart 45, starting with 
intermediates CCXLIII and following the general procedures of Chart 1 5 above. 
1 0 Where the above processes yield an acid, the esters are prepared by any of the methods described 1 0 

for the 1 9.20-didehydro compounds above. Likewise esters are transformed to acids by processes 
known or described herein. 

Charts 46—49 relate to transformations at C — 1 for these 1 9-hydroxy-1 9-methyl compounds. 

Formula-CCLXXI 2-decart>oxy-2-hydroxymethyl compounds of Chart 46 are obtained by the 
1 5 general procedures described for Chart 1 6 above. 1 5 

Amides of formula CCLXXIV and 2-decart>oxy-2-amino methyl compounds of formula CCLXXV in 
Chart 47 are prepared followif>g the genera* procedures of Chart 1 7 above. N-Sulfonylamides in which 
R, is 

O 

II 

— C— NH— S0,0— R» 



25 



20 are prepared as described for the 1 9,20-didehydro compounds above. 20 
Tetrazolyl-terminated compounds of formula CCLXXVIII and CCLXXXII are obtained according to 
Charts 48 and 49 applying the procedures of Charts 1 9 and 20 above. 

CompourKis of formulas IV — Vt which are not specifically illustrated or exemplified herein are 
obtained by transformations using chemical processes disclosed herein or known to those skilled in the 
25 art 

For example the transformation of in Q from hydrogen to methyl at C — 1 5 requires the 
intermediate 1 5-oxo compound prepared by oxkjation, followed by alkylation with Grignard R^MgHal or 
trimethylaluminum. and subsequent seperation of the 1 5a and 1 5^ products, for example by 
chromatography, preferably of the methyl esters. Preparation of esters and salts and various 
30 modifications at C — 1 , e.g., amkies ar>d sulfonamides follow the general procedures discussed for the 30 
formula-lit 19^0-didehydro compounds. 

It should be understood that many of the intermediates disck>sed herein are useful not only for the 
purposes shown but also for many of the above transformations as known in the art. 

The products formed from each step of the process are often mixtures, artd, as krwwn to one 
35 skilled in the art, may be used as such for a succeeding step or, optionally, separated and purified by 35 
conventional methods of fractk>nation, Ik^ukl extractksn, and the like, before proceeding. It is inter>ded 
that compounds are claimed not only in their purified form but also in mixtures, for example the formula- 
fV 1 9-hydroxy compounds in their mixed (R,S) form. 

The inventkxi is further illustrated by. but not limited to. the following examples. 
40 All temperatures are in degrees centigrade. 40 

Irtfrared absorption spectra are recorded on a Parkin-Elmer model 42 1 infrared 
spectrophotometer. Except wfien specified otherwise, undiluted (r>eat) samples are used. 

The NMR spectra are recorded on a Varian A — 60, A — 60D, T — 60 or XL— 1 00 
spectrophotometer in deuterochloroform solution with tetramethytsllane as an internal standard. 
45 Mass spectra are recorded on a Varian Model MAT CH7 Mass Spectrometer, a CEC Model 1 1 0B 45 
Double Focusing High Resolution Mass Spectrometer, or a LKB Model 9000 Gas Chromatograph-Mass 
Spectrometer (ionization voltage 22 or 70 ev.) and samples are usually run as TMS (trimethylsilyl) 
derrvative? 

"Brine", herein, refers to an aqueous saturated sodium chloride solution. 
50 "Celrte" is a calcium alumiru>siltcate, useful as a filter aid. _ 
"Collins reagenf ' is chromium trioxide in pyridine. See Tetrahedron Len. p. 3363 ( 1 968). 
"DIBAL", herein, refers to dBsobutylslumirujm hydride. 

"Florosil", herein, is a chron^tographk; magnesium silicate produced by the Floridin Co. See 
Fteser et al., "Reagents for Organic Synthesis" p. 393 John Wiley and Sons. Inc.. New York, N.Y. 
55 (1967) 

"HPLC". herein, refers to high pressure lk)uM chromatography. 
'Jones reagent" is chromic acid, see J. Chem. Soc. p. 39 (1946). 

"R/' herein, refers to the measurement, in thin layer chromatography, of the nxyvement of the 
sample spot relative to that of the solvent front on silica gel plates unless specified. SfKl In a solvent 
60 system thst is identified. 

"Skellyaolve B", herein, refers to mixed isomeric hexanes. 



17 



GB 2 048 254 A 17 



THP . herein, refers to tetrahydropyran-2-yl. 
"TLC , herein, refers to thin layer chromatography. 

Concentrating", as used herein, refers to concentration ur>der reduced pressure, preferably at lees 
than 50 mm. and at temperatures below 35°C. 
5 "Orying", as used herein, refers to contacting a compound. In solution, with an anhydrous agent 

such as sodium sulfate or magnesium sulfate to remove water and filtering to remove solids. 

Silica gel chromatography, as used herein, is understood to lrK:lude elution, collection of fractions, 
and combination of those fractions shown by TLC to contain the desired product free of starting 
materials and impurities. 

1 0 The A — IX solvent system used in thin layer chromatography Is made up from ethyl acetate-acetic 
acid-2,2.4-trimethylpentane-water (90:20:50:100) according to M. Hamberg and B. Samuelsson. J. 
Biol. Chem. 241. 247 (1966). 

Preparation 1 5a-Hydroxy-3a-tetrahydropyran-2-yloxy-2A-(trans-2-formylethenyl)-1 
cyclopentaneacetic Acid, p-Lactonc (Formula XXXVI) 
1 5 Refer to Chart 6. The title compound is obtained in seven steps starting with the formula-XXIX 1 5 

tricyclic lactone aldehyde, for which see U.S. Patent No.3,8 16.462. 

a. Exa-3-hydroxy-endo-6-vinyl-bicyclo{3.1 .0]-hexan-exo-2-acetic acid, p-lactone (Formula XXX). 
A solution of the formula-XXIX tricyclic lactone aldehyde (20 g.) in 1 50 ml. of benzene is treated at 

5 — 1 0°C. with a solution of the ylid prepared from methyltriphenytphosphonium bromide (54 g.) arvl 
20 95 ml. of 1 .6 M butyllithium in one titer of t>enzene (previously heated at reflux for or>e hr, and cooM). 20 
The addition is completed within 1 — 1 ,5 hr., and. after an additional 0.5 hr. stirring, the .nixture ts 
filtered and concentrated. The residue is taken up in 100 — 200 ml. of ethyl acetate Skellysoh^e 6 
(40:60) and left standing to crystallize out the by-product triphenylphosphone oxide. After filtration, the 
filtrate is subjected to silica gel chromatography, eluting with ethyl acetate-Skellysotve B (40:60). There 
25 is obtained the formula-XXX compound. 1 6.2 g., an oil, having NMR peaks at 1.3 — 3.0,4.6 — 4.9. and 25 
5.0 — 5.4 b. and R, 0.74 (in ethyl acetate-Skellysolve B (50 — 50)). 

b. Enda-6-(1 ,2-dihydroxyethyl)-exo-3-hydroxy-bi-cyclo|3.1.0l-hexen-exo-2-acetic acid, 3-lactone 
{Formula XXXI). A solution of the formula-XXX atkene (step a. 8.0 g.) in 80 ml. of acetone is treated with 
a solution of N-methylmorpholine oxide dihydrate (9.0 g.) in 12 ml. of water, followed by a aolution of 

30 osmium tetroxide ( 1 30 mg.) in 6.5 ml. of t-butanol. When the reaction is completed, the acetone is 30 
removed under reduced pressure. The residue is diluted with 100 ml. of water, saturated with 
ammonium sulfate, and extracted with tetrahydrofuran. The organic phase is dried over magnesium 
sulfate and concentrated under reduced pressure to yield 1 2 g. of crude oily product The oil is subjected 
to siltca gel chromatography to yield the formula-XXX! compourKl. 8.5 g.. an oil, having NMR peaks at 

35 0 7—1 2 13—1 9.2.4 — 3.4.3.4^3 7 3.7-— 4.2, and 4.7— 5.0 5; R, 0.66 (in methanol- 35 
dichloromethane ( 1 5:85)). 

c. 3a>Formytkoxy-5a-hydroxy-2^(3-propionyloxy-trans- 1 -propenyl)- 1 a-cydopentaneacetic acid. 
) -lactone (Formula XXXII). A solution of the formula-XXXI glycol (step b, 7.2 g.) ar>d triethyl 
orthopropionate ( 1 5 g.) in 30 ml. of tetrahydrofuran is treated with 3 /jI of trifluoroacetic acid. After one 

40 hr. the solvent is removed under reduced pressure aryj the residue treated with 100 ml. of anhydrous 40 
formic acid with stirring. After 1 5 min. there Is added 100 ml. of 1 N. sodium hydroxide and 100 ml. of 
crushed ice The mixture is extracted with dichloromethane and the organic phase is washed with 5% 
aqueous sodium bicdrt>onate, dried over magnesium sulfate, and concentreted. The oil (9.6 g.) thus 
obtained is subjected to silica gel chromatography, etuting with ethyl acetate-cyclohexane ( 1 :1 ). to yield 

45 the formula-XXXM compound, 4.1 g., having NMR peaks at 1.1. 1.9 — 3.0.4.4—4.6,4.8 — 5^. 45 
5 6 — 5.8. and 8.0 6; and R^ 0.49 (in ethyl acetate-cyclohexane (1 :1)). 

d 3a. 5rY-Dihydroxy-2^(3-propionyloxy-trans- 1 -propenyl)- 1 cr-cyclopentaneacetic acid. >Klactone 
(Formula XXXtll). A solution of the formuta-XXXII formate (step c, 4.1 g.) in 35 ml. of dry methanol is 
treated with sodium bicartK>nate (0.5 g.). When tt>e reaction Is finished in about 2 — 3 hr. tf>e 

50 solvent is removed under reduced pressure. The residue is partitioned between water and > ^ 

dichloromethane. arul the organic phase is dried over magr>esium sulfate and concentrated. The oily 
residue is subjected to silica gel chromatography, eluting with ethyl acetate to yield the formula-XXXill 
compound. 2.8 g.. having NMR peaks at 1 . 1 3. 3.7—^.3. 4.3--4.7. 4,7—5.2, and 5.5—5.8 ^' and R. 
0.65 (in ethyl acetate). 

55 e. 3a -Tetrahydropyran-2-yk>xy-5a-hydroxy-2^3-propionyloxy-trans-l -propenyl)- 1 a- 55 

cyclopentaneacetic acid, p-lactone (Formula-XXXIV). A solution of the formula-XXXIll 5-hydroxy lactone 
(step d, 2.8 g.) in 1 0 ml. of dichloromethane is treated with 5 ml. of dihydropyran and 5 mg. of p- 
toluenesutfonic acid dissolved in 1 ml. of tetrahydrofuran. After the reaction Is finished. In about 0.5 hr., 
the mixture is washed with 5% aqueous sodium bk:artx>nate. The organic phase is dried over sodium 

5Q sulfate and concentrated. The residue is subjected to silica gel chromatoaraohy. eluting with ethyl ^ 
acetate-Skellysolve 8(60:40) to yield the formula-XXXIV compound. ' 

f. 3^-Tetr8hydropyran-2-yk)XY-5a-hydroxy-2M3-hydroxy-trans-1-prt>penyl)-la- 
cyclopentaneacetic acid, p-lactone (Formula-XXXV). The formula-XXXIV propionate, (step e. 3.0 g.) in 
1 0 ml of methanol is added to a solution of sodium methoxide (freshly prepared from 20 mg. ol sodium 
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in 40 ml. of anhydrous methanol). After the reaction is complete, in about 20 min.. the methanol is 
removed under reduced pressure. The residue is partitioned between dicMoromethane and 0.4 M 
phosphate buffer of pH 4.5. The organic phase is dried over sodium sulfate and concentrated to yield the 

formula-XXXV compound. 

5 g. 3f>-Tetrahydropyran-2-yloxy-5a-hydroxy-2/}-ltr8ns-2-fbrmvlethenyl)-1 ff-cyclopentaoa^ 5 
acid, y-lactone (Formula XXXVI). An oxidi2ing reagent is prepared from chromium trioxide (5.4 g.) and 
3,5-dimethylpyra2ole (5.2 g.) in 1 50 ml. of dichloromethane, stirred for 1 5 min. To the solution is then 
added the formula-XXXV 3-hydroxy compound (step f, 1 .8 g.) dissolved in 20 ml. of dichloromethane. 
After the reaction is finished, in about 5 min., the mixture is washed with 5% aqueous bicartKMiate. The 
1 0 organic phase is dried over sodium sulfate and concentrated. The residue is subjected to silica gel 1 0 

chromatography, eluting with acetone-dichloromethane (1 :9I to yield the formula-XXXVI compound. 

EXAMPLE 1 3a, 5a-Oihydroxv-2^-l(3R,S)-3-hydroxy-trans-1 7-octadienyll-1a-cyclopentane-ac«tic 
Acid ^'-Lactone. 3-tetrahydropyran-2-yl ether and also 3,3'-bi8-(tetrahydropyran-2-yt 
ether) (Formula XXVIII) 

1 5 I Via Lactone XXVI. Refer to Chart 2. 1 5 

A. A solution of lactone XXXVI. i.e. 5a-hydroxy-3fi'-tetrahydropyran-2-yioxv-2Wtrans-2- 
formylethenyD-l a-cyclopentaneacetic acid, ^-lactone (2.775 g.. Preparation 1) in 40 ml. of diethyl 
ether and 1 0 ml. of tetrahydrof uran is treated at -70*C. with 1 -pentenylmagnesium bromide (prepared 
from 5-bromo-1 -pentene (4.1 1 5 g.) and magnesium (0.667 g.) in 40 ml. of diethyl ether) added 

20 dropwise over 1 7 min. The mixture is then stirred at about -60°C. for 22 min. and quenched with 20 
saturated aqueous ammonium chloride. Sodium sulfate powder is added for coagulation and the solids 
filtered off. The filtrate, together with ether washings, is dried and concentrated to an oil. 3.109 g. The 
product is chromatographed. eluting with methylene chloride-acetone (6:1 ) to obtain the nwrw-THP 
ether mixed C— 1 5 epimcrs. 2.427 g.. having R, 0.34 and 0.29 (in methylene chloride-acetone (4:1)). 

25 Nf^R peaks at 6.20—5.4, 5.2--4.78. 4.68. 4.3—3.2. 3.02—2.4, 2.35—1.85. and 1.8—1.2 6. infrarwJ 25 
absorption at 3450. 2995, 1775. 1200. 1180. 1120. 1075. 1030. 1020,975.920. 870. and 815 
cm-V and mass spectral lines at 422.2446. 407. 353, 337. 321 . 320. 269. 251 . and 85. 

b. The above mono-THP ether is treated in methylene chloride solution with excess dihydropyran 
in the presence of pyridine hydrochloride at about 25*C. for 1 6 hr. The mixture is diluted with about 

30 300 ml. of methylene chloride and washed with 5% aqueous sodium bicarboante, water, and brine, and 30 
dried. Concentration yields the formula -XXXVI 1 1 bis-THP ether title compound, viz. 3a. 5a'-dihydroxy- 
2^|(3R.S)-3-hvdroxy- trans-1 .7-octadienyll-1 o-cydopentaneacetic acid ^lactone, 3.3'- 
bis(tetrahydropyran-2-yl ether). 

II. Via Lactone XXXVII. Refer to Chart 3. A phosphonate reagent is first prepared. Methyl 5- 

35 hexanoate is prepared from 5-hexenoic acid by reaction with methanol arxl concentrated sulfuric acid in 35 
rcfluxing ethylene dichloride, thereatitr washir>g and distilling the product The anion of dimethy! 
methytphosphonate, prepared from dimethyl methyl phosphonate (82 g.) and 400 ml. of 1 .6 M 
butyimhium in 800 ml. of tetrahydrofuran at -55 to -60** C. is treated with methyl 5-hexenoate (41 g.) 
added in 65 ml. of tetrahydrofuran over about 10 min. The mixture is stirred at — 75®C. for 2 hr. and 

40 then at about 25°C. for 1 8 hr. Acetic acid (26 ml.) is added and the solvent removed under reduced 40 
pressure. The residue is taken up in water and ether-methylene chloride (3:1 ). The organic phase, 
combined with extractions of the aqueous phase, is washed with cold aqueous sodium bicartx)nate and 
brine, dried, and concentrated. There is obtained on distillation, dimethyl 2-oxo-heptenylphosphonate. 
a. The formula-XXXVI bicylic aldehyde wherein R is benzoyl, i.e. 2-hydroxY-4-benroxy-5- 

45 cart)oxaldehyde-cyclopentanyl acetic acid ^-lactone (U.S. Patent 3,778.450. 14.5 g.) is added in 45 
methylene chloride solution (100 ml.) to the ylid prepared from 25.5 g. of the above phosphonate and 
4.2 g. of sodium hydride (57% dispersion) in tetrahydrofuran (500 ml.) first at 0** and then at 20'^C. The 
reaction mixture is warmed from 0** to about 25**C. for one hr.. then acidified with 10 ml. of acetic acid 
and concentrated. The residue is diluted with water and extracted with ether-methylene chloride (3:1). 

50 The extracts are washed with cold dilute hydrochloric acid, water, cold aqueous sodium bicarbonate af>d 50 
brine, dried, 906 concentrated. The residue is chromatographed to yield the formula-XXXVI II 3-oxo- 
trans- 1 .7-octadienyl lactone with benzoate blocking group. 

b The formula-XXXIX 3-hvdroKy compound, i.e. 5-hYdroxY-3-ben20xy-2^-[(3R.S)-3-hydroxY- 
trans- 1 , 7-octadienyl)- 1 />-cyciopentaneacetic acid ^'-lactone is obtained on reduction with zinc 

55 borohydride. For this purpose sodium borohydride (3.78 g.) and anhydrous zinc chloride (13.7 g.) are 55 
reacted in 1 .2-dimethoxyethane at 0 — 25°C. The solution of the reagent is cooled to — 20^C. and 
treated dropwise under nitrogen with a solution of the above 3-oxo compound (10.0 g.) in 75 ml. of 
dimethoxyethane. When the reaction is completed as shown by TLC. excess borohydride is destroyed by 
careful addition of water and stirring The mixture is filtered artd the filtrete washed with water ar>d 

60 brine, dried, and concentrated. The residue is chromatographed. 60 

c. The benzoate group is removed by treatment of the above product of step b (3.55 g.) with 
potassium carbonate (1 .23 g.) in methanol at about 25^C. for 1 .25 hr. The solvent is removed under 
reduced pressure ar>d the residue is acidrfted with cold aqueous potassium hydrogen sulfate and 
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extracted with ethyl acetate. The organic phase is washed with water and brine, dried, and 
concentrated. The residue is lactonized in refluxing benzene for 18 hr. and is thereafter 
chromatographed to yield the unblocked alkadienyl lactone, i.e. 3a,5a-dihydroxy-2^((3R.S)-3-hydroxy- 
trans-1 .7-octadienyl)-l a-cyclopentaneacetic ackJ y-\BCtor\e. 

The above unblocked lactone is treated with excess dihydropyran in the presence of pyridine 
hydrochloride and worked up as in l-b above to obtain the fornnula-XXVIil bis-THP ether title compound. 



EXAMPLE 2 3a.5a-Dihydroxy-2/^[(3S)-3-hydroxy-trans-1 .7-octadientyl)-1a-cyclopentaneacetlc 
Acid p-Lactol, 3,3'-bis-(tetrahydropyran-2-yl Ether) (Formula LIH) 
1. Refer to Chart 7. There Is first prepared the (3S)-mono-THP 1 ,7-octadienyl lactone following the 

10 procedures of Chart 2 and Example 1 — I. A Grignard reagent is prepared in 1 70 ml. of etf>er from 
magnesium (3. 1 4 g.) and 5-bromo- 1 -pentene (20.80 g.) added dropwise. The reaction mixture is 
refluxed for one hr.. then cooled ar>d added to a solution of the formula-XXVI aldehyde, i.e. 5a-hydroxy- 
3(»-tetrahydropyran-2-yloxy-2^(trans-2-formylethenyl)-1(»-cyclopentane8cetic acid, >^lactone (24.43 
g.. Preparation 1 ) in 250 ml. of diethyl ether at -70**C. over a period of 22 min. The mixture is stirred for 

1 5 an additional 45 min. at —70°, then poured into a mixture of saturated amnrH>nium chloride solution ^ 5 
(900 ml.)-tce-ether (300 mi.). The organic phase is separated, combined with extracts of the aqueous 
layer, dried, and concentrated. The residue is chromatographed, elutir>g with acetone-methylene 
chloride { 1 :8) to (1 :6) to yield the mixed 3(S) and 3(R) mono-THP lactor>es. They are separated by high 
pressure liquid chromatography on a series of Merck "8" prepacked columns, eluting with acetone- 

20 methylene chloride (1 :10), to yield the mono-THP 3(S) isomer. 7.92 g. having R, 0.34 (in acetone- 20 
methylene chloride ( 1 :4)). and the same spectral properties reported in Example 1 — I — a. There is also 
obtained the mono-THP 3(R) isomer, 8.83 g., having Rf 0.29 and substantially the same spectral 
i properties. 

Continuing with the above 3(S) compound, namely 3a.5a-dihydroxy-2^-t(3S)-3-hydroxy-trans- 
25 ^ .7-octadienyll- 1 a-cyclopentaneacetic acid y-\acxone. 3-(tetrahydropyran-2-yl ether), there is next 25 
f prepared the formula-Vtll bis(THP ether) intermediate. The at>ove 3(S) compound (7.92 g.) is treated in 
55 m). of methylene chloride with pyridine hydrochloride (about 0.7 g.) ar>d dihydropyran (3.42 g.) at 
about 25''C. After 2 hr, the mixture is warmed and stirred at 32 — 35*C. for 4 hr. The mixture is cooled 
in an ice bath, diluted with 1 00 ml. of methylene chloride, washed with cold 5% sodium bicart>onate 
30 and brine, dried, and concentrated to the bisTTHP ether) imermediate, 9.88 g. having R^ 0.70 (in 30 
acetone-methylene chloride (1 :6)). 

tl. The lactone of part I (9.82 g.) is treated in 100 ml. of toluene at -68'>C. with 
diisobutylalumtnum hydride (22.65 ml. of 1 .5 M. toluene solution) added dropwise over 8 min. The 
mixture is stirred at —75° for one hr. and then 1 0 ml. of saturated aqueous sodium sulfate added. The 
3 5 mixture is warmed to room temperature, diluted with 700 ml. of diethyl ether, and treated with 35 
powdered sodium sulfate. The soMs are removed on a Celite filter. The filtrate is dried ar>d concentrated 
to yield the formula-CIII lactol title compound, having R^ 0.35 (in acetone-methylene chloride (1 :6)>. 



EXAMPLE 3 1 9,20-Didehydro-PGF,a, 11,1 5-bis-(tetrahydropyran-2-yl Ether) (Formula LIV) and 
Methyl Ester 

40 Refer to Chart 7. The lactol of Example 2 (9.87 g.) is alkylated by the Wittig reaction. The WIttig 40 
reagent is first prepared from 4-caft>oxybutyl triphenylphoephonium bromide (35.1 g.) added to the 
reaction product of sodium hydride (7.6 g.) and 1 80 ml. of dimethyl sulfoxide previously warmed to 
70— 75°C. for 1 .5 hr. and then cooled to about 25®C. for 25 min. then treated with the formula-UII 
(3S) lactol in 65 ml, of dimethylaulfoxide added dropwise over 25 min. and stirred additional 30 min. 

45 The mixture is acidified in ice water with 2 N potassium hydrogen sulfate and then extracted wdth ether. 45 
The organic phase is washed with brine, dried, and cofKentrated to yield the formula-UV t>is-THP free 
actd. 

The acid is then estertfied with ethereal diazomethane and the resulting methyl ester Is 
chromatographed to yield the title methyl ester 9.37 g., having R, 0.62 (in acetone-methylene chloride 
50 ( 1 6)1, and NMR peaks at 6. 1 8—4.56. 4.37—3.20. 3.65. and 2.78—1 HA. 50 

EXAMPLE 4 1 9,20-Didehydro-PGF,a and 1 9.20-Didehydro-PGF,a. Methyl Ester (Formula LV) 
Refer to Chart 7. 

The bis-THP ether of the title acid (Example 3) is hydrolyzed to acetic acW: water: tetrahydrofuran 
(20:10:3) at 40°C. for 3 hr. The solvents are removed under reduced pressure end the residue is 
5 5 chromatographed on silica gel. eluting with ethyl acetate-hexane ( 1 : 1 ) to yield the title acid. cc 
The bis-THP ether of the title methyl ester (Example 31 is likewise hydrolyied in acetic 
acid:waterietrahydrofuran(20:10:3) following the same procedure to yield the title compound having R, 

0.48 (in ethyl acetate-methanol (10:1)). and mass spectral lines at 582.3570 667 551 541 513 

492, 423, 402, and 217. 



60 EXAMPLE 5 1 9.2 0-Dide hydro- ( 1 5R)-PGF,a. Methyl Ester (Formula LV) 

Refer to Chart 7 Following the procedures of Examples 2—4. but utilizing the (3R) Isomer of 
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Example 2 — I. namely 3a, 5a'dihydroxY-2/^[(3R)*3-hydroi(Y-tr8ns-1,7-oct8dienyll-1cf' 
cyclopentaneacetic acid ^-lactone. 3(tetrahydropyran-2-yt ether) there is prepared the corresporKJing 
formula-Vllt {3R) bislTHP ether) intermediate and the formula-LIII lactol. then by \A/ittig alkytation the 
formula-LIV 1 9,20Hjidehydro-( 1 5R)-PGF,a. 1 1,1 5-bis-(tetrahydropyran.2-yl ether). Finally, after 
5 esterification and hydrolysis of the blocking groups, the title compound is obtained, having 0.66 (TLC 5 
on silica gel in ethyl acetate-methanol (10:1)). 

EXAMPLE 6 1 9,20-Didehydro-PGFja. Methyl Ester (Formula LV) and 1 9,20-OWehydro-l 6R-PGF,a. 
Methyl Ester {Formula LV). 
Following the procedure of Example 2 — II. the (3R.S) mono-THP lactone of Example 2 — I (1.720 
1 0 9*^ reduced to the corresponding lactol, using 26.3 ml. of 0.56 M diisobutylaluminum hydride at about 1 0 
-75°C. There is obtained 1 .660 g. of lactol, having R^ 0.17 (in methylene chlorida-acatona (4:1))^ and 
infrared absorption at 3450, 2995, 1130, 1200, 1070, 1020, 975. 915, 870, and 81 5 cm"'. 

Following the procedure of Example 3, the above lactol (1.620 g.) is alkylated by the VS/ittig 
reaction using the ylid prepared from 4-carboxybutyl triphenylphosphonium bromide (9.105 g.) to yield 
1 5 the corresponding acid. The acid is esterrfied in methanol-ether with ethereal diazomethane to yield 1 5 
3.497 g. The ester is chromatographed, eluting with ethyl acetate-Skellysohre B (1:1), to yield the 
mono-THP mixed C — 1 5 epimers, 1 .536 g., having R^ 0.47 and 0.38 (in ethyl acetate-Skellysolve B 
(1:1)) and infrared absorption at 3450, 2990, 1740, 1430, 1200, 1020, 975, 910. 870 and 81 5 cm'V 

The above mono-THP product is hydrotyzed in acetic acM-water-tetrahydrofuran (20:10:3) at | 
20 40'*C. for 3 hr., thereafter concentrating. The resulting oil is chromatographed. eluting with ethyl 20 ^ 

acetate-Skellysolve 8 ( 1 6 — 0%) to yield first the (1 5R) title compound. 0.070 g., then a mixture, artd 
finally the ( 1 5S) title compound, 0.083 g. The ( 1 5R| compound has R, 0.66, the ( 1 5S) has R, 0.48 (in 
ethyl acetate-methanot (10:1)), and both have mass spectral peaks at 582.3570, 567, 551, 541. 513, 
492.423.402, and 217. 

25 EXAMPLE 7 1 9,20-Didehydro-PGE,, Methyl Ester (Formula III). 25 
Refer to Chart 1 . The formula-IX 1 1 ,1 5-bis(tetrahydropyran-2-yl ether), available from Example 3, 
is oxidized by the Jones reagent. Thereafter the THP blocking groups are replaced by hydrogen to yield 
the title compournJ. 

EXAMPLE 8 1 9,20-Didehydro-PGF,a, p-Acetylphenyl Ester 

30 The mixed anhydrkie is first prepared. A solution of 1 9^0^idehydro-PGF,a (Example 4) in 3q 
methylene chloride is treated with triethylamine (2 equfv.) and isobutylchloroformate (1 .01 equiv.) at 
about 25°C. for 0.5 hr. Solid p-hydroxyacetophenone (1 .01 equiv.) is added anti stirring continued for 4 
hr. The mixture is diluted with methylene chk>rkle, washed with water, 0.1 N sodium hydroxide, water, 
ar>d brine, dried, ar>d concentrated. The product is chromatographed on silica gel eluting with acetone* 

35 hexar>e to yield the title compound. 35 

EXAMPLE 9 1 970-Didehydro-PGF3a. Sodium Salt 

A solution of 1 9,20-dtdehydro-PGF}a, (Example 3) in methanol is neutralized with a solution of 
sodium cartx>nate in water. The mixture is concentrated to a smalt volume, diluted with acetonitrile and 
corK:entrated to a residue of the title compourxi. 

40 EXAMPLE 10 19,20-Didehydro-PGFja, Amkle 40 
Refer to Chart 1 7. The formuta-CIX mixed anhydride is prepared following the procedure of 
Example 8. There is then added at atx>ut -5^C., a saturated solution of ammonia in acetonitrile and the 
mixture stirred at -5^C. for 10 min. The reaction mixture is diluted with brir^ ar>d water (5:1) and 
extracted with ether. The organic phase is washed with brine and 2 N hydrochloric acid, then with brme 

45 and 5% sodium b«cart>onate. finally with brine, dried and corKentrated. The resklue is chromatographed 45 
on a HP I C silica gel column, eluting with acetone to yield the title compound. 

EXAMPLE 1 1 1 9,20-Didehydro-PGF3a, MethanesutfonamkSe (Formula CXV) 

Refer to Chart 1 8. A solution of mixed anhydride in dimethytformamkie (prepared from 1 9^0- 
didehydro-PGF, of Example 4 by reaction with isobutytchlorofbnnate in the presence of triethyfamine as 

50 in Example 8) is treated, with stirring, at O^C. with about 4 equivalents of methartesutfonamkSe aodkjfn 5o 
salt (prepared from methanesulfonamkle and methanolic sodium methoxide in mett^arx^l, concentrating 
and azeotroping with benzene), thereafter adding sufficient hexamethylphosphoramkJe to insure a 
homogenous mixture. The mixture is stirred at about 26**C. for 1 6 hr.. then ackjified with coW dilute 
hydrochloric acid and extracted with ethyl acetate. The organic phase is washed with water and brine, 

55 dried, and concentrated. The resklue is chromatographed on silica gel, elutir>g with methanol*methyler>e 66 
chk)rk1e. to yield the title compound. 
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EXAMPLE 12 3tt, 5fr-Dihvdroxv-2/i-(3-oxo-trans-1 .7-octadienyl)-1 a-cyclopentaneacetic AcW y- 
Lactone, 3-tetrahydropyraii-2-yl Ether (Formula CXXIII) 
Hefer to Chart 2 1 . The formula-XXXVIII 3-oxo intermediate of Example 1 — 11 — a is deblocked by 
treatment with potassium carbonate in methanol at about 25**C. for 1 .25 hr, following the procedure of 
5 Example 1 — II — c. Thereafter, the THP ether is formed with excess dihydropyran in the presence of 5 
pyridine hydrochloride to yield the title compound. 

Alternatively, the 3-hydroxy mono-THP lactones of Example 2 are oxidized by Jones reagent. Thus, 
the mono-THP 1 ,7-octadienyl lactone (8.83 g.) is treated in acetone at -35^C with Jones Reagent (1 7 
ml. of 2.67 M) added dropwise. Then stirring is continued for 35 min. and finally isopropanol (6.0 ml.) 
1 0 added with additional stirring. The mixture is added to a mixture of 5% sodium bicarbonate and ice- 
water and extracted with ether. The organic phase is washed with brine, dried, and concentrated to yield 
the title compound, 7.63 g., having R,0.52 (in ethyl acetate -Skelly solve B (2:1)). 



EXAMPLE 13 3a,5a-Dlhydroxv-2^|(3R,S)-3-hydroxy-3-methyl-trans-1.7-octadientyl)-1/r- 

cyclopentaneacetic Acid ^^-Lactone, 3-tetrahydropyran-2-yl ether (Formula CXXIV). 

1 5 Refer to Chart 2 1 . The formula-CXXIII 3-oxo lactone (Example 1 2, 7.63 g.) in 500 ml. of 1 5 

tetrahydrofuran is treated at — 78*'C. with methylmagnesium bromide (35.4 ml. of 3.1 M) added 
dropwise over 20 min. Stirring is continued for 2.5 hr. at about —BO^C. and then the reaction is 
quenched with 400 ml. of saturated aqueous ammonium chloride and 300 ml. of ice water and ether is 
added. The organic phase is separated, combined with organic extracts of the aqueous phase, dried, and 

20 concentrated. The residue is chroma tographed. eluting with ethyl acetate-Skellysolve 6 (2:1 ) to yield 20 
the mono (THP ether) of the title compound having R| 0.27 (in ethyl acetate-Skelty solve B (2:1 )), NMR 
peaks at 6.20 — 5.40, 5.40 — 4.52, 4.30 — 3.18, 3.07 — 1 .35, and 1 .23 6; and infrared absorption at 
3400.2850, 1740, 1620, 1420. 1330, 1150, 1110. 1060, 1020. 965. 900. 960. and 805 cm-*. 

EXAMPLE 14 3a,5a-Dihydroxy-2^I(3R.S)-3-hydroxy-3-methyl-tr8ns-1,7-octadienyll-1fr- 
25 cyclopentaneacetic Acid )^Lactol, 3-tetrahydfopyran-2-yl Ether (Formula CXXV) 25 

Refer to Chart 2 1 . The formuta-CXXIV lactone (Example 1 3, 5.20 g.) in 100 ml. of toluene at 
— 68**C. is treated with diisobutylaluminum hydride (23.8 ml. of 1 5 M. toluene solution) added 
dropwise over 8 min. Thereafter following the procedure of Example 2 — II. there is obtained the 
formula-CXXV lactol title compound, 3.79 g.. having R,0.31 (in acetone -methyler>e chloride (1 :3)). 
30 NMR peaks at 6.1 8— 5.37. 5.33-— 4.29. 4.25 — 3.2 1 . 3.05—1 .34. and 1 .26 6. and IR absorption at 30 
3350.2900, 1640. 1440. 1340, 1260. 1200. 1120, 1060. 970,910, 865. and 810cm-^ 



EXAMPLE 1 5 (1 5R,S)-15-Methyi-1 9.20-didehydro-PGF^. 1 1 -tetrahydropyran-2-yl Ether. Methyl 
ester (Formula CXXVI). 
Refer to Chart 2 1 . The formula-CXXV lactol (Example 14. 3.79 g.) is subjected to the Wittig 
35 reaction following the procedure of Example 3. and thereafter esterified to yield the formula-CXXVI title 35 
compound, having R^ 0.34 (in acetone-methylene chloride (1 :6)). NMR peaks at 6.1 6 — 5.20, 
5.20--4.55, 4.27—3.17. 3.65. 2.67—1.34. and 1.27 6, and infrared absorption at 3400. 2900. 1720, 
1630. 1430, 1340. 1190. 1120, 1065, 1010,965. 900. 860. and 805 cm"' 



EXAMPLE 1 6 1 5-Methyl- 1 9.20-didehydro-PGF^, Methyl Ester (Formula LV) and ( 1 5R)- 1 5-Methyl- 
40 1 9.20-<]idehydro-PGF2a, Methyl Ester (Formula LV). ^ 

Refer to Chart 2 1 . The product of Example 1 5 is hydrolyzed to replace tetrahydropyranyl groups In 
the usual way, for which see Example 4. The 1 5-epimers are separated by silk:a gel chromatography to 
yield the title compounds. 

EXAMPLE 1 7 3a.5a-Oihydroxy-2^|(3R,S) (7R.S)-3,7-dlhydroxy-trans-l -octenylI-1 ^. 
45 cyclopentaneacetic Acid ^M-»ctone, 3,3'-blsaetrahydropyran-2-yl Ether) (Formula 45 

CXXtX) 

Refer to Chart 23. The title compound is obtained by oxymercuration-demurcuration. The formula- 
VIII alkadienyl lactone, i.e. 3a,5a-dihydroxy-2^((3R.S)-3-hydroxy-trans-1.7-octadlenyl|-1a- 
cyclopentaneacetic acid p-lactone. 3,3'-bls(tetr»hydropyrBn-2-yl ether) (Example 1 . 14.54 g.) is added 

50 dropwise to a stirred suspension of mercurk: acetate ( 1 4.946 g.) in 1 20 ml, of water and 1 20 ml. of 50 
tetrahydrofuran and the mixture is stirred at about 25«C. for 22 hr. The mixture is cooled in an ice bath 
and treated with sodium borohydnde (3.752 g.) added in portions over 6—8 min. The temperature is 
raised to about 25*'C. and stirring continued for 3 min. The mixture is diluted with ether (300 ml.) 
decanted from mercury, separated, and the organk; phase combined with ether extracts of the aqueous 

55 phase. The organic phase is washed with brine, dried, and concentrated to an oil, 1 5.88 g. The oil is 55 
chromaiographed on silica gel, eluting with acetone -methylene chlorWe (1 :4 to 2 :4) to obtain the 
formula CXXIX 7-hydroxy title compound, 1 1 .566 g.. having R, 0.38 (TLC on silk:a gel in acetone- 
methyiene chlorWe (1 .3)). NMR peaks at 5.50. 5.00. 4.63, 4.20—3.10. 3.00—1 .20, and 1 .16 * and 
infrared absorption at 3500, 2990. 1775, 1 120, 1020. 970. 910. 865 810 and 730 cm-' 
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EXAMPLE 1 8 2-Decarboxy-2-hvdroxymethyl-(19R,S)-19-hydroxy-PGE, (Formula CXLIV) 
and 

2-Decarboxy-2-hydroxymethyl- 1 3. 1 4^ihydro-( 1 9R,SI- 1 S-hydfOxy-PGE, (Formula 
CXLV). 

5 I Refer to Chart 24. The formula-CXXXV compourxl is first prepared. The formuia-CXXXIV 5 

compound, namely 1 9,20-didehydro-PGF2a. 1 1 .1 5-bts(tetrahydropyran-2-yl ether), methyl ester 
(Example 3, 2.60 g.) is silylated with dimethyl-t-butyt-chlorosilane (1.465 g.) in 10 ml. of 
dimethylformamide and 1 .325 g. of Imidazole for 1 6 hr. at about 25^C. The mixture is diluted with ice- 
water and extracted with diethyl ether. The extracts are washed, dried, concentrated, and 
10 chromatographed to yield the formula-CXXXV 1 9 J0-didehydro-9(dimethyM-buty«silyl)-PGF,a, 11.15- 10 
bis(tetrahydropyran-2-yl ether), methyl ester having R, 0.69 (in ethyl acetate-Sketlyaohfe 8 (1 :4)). 

II. The formula-CXXXVI compour>d Is prepared by oxymercuration-demercuration. The formula- 
CXXXVI compound ( 1 1 .30 g.) in 1 00 ml. of tetrahydrofuran is added dropwtse over a 1 5 minute period 
to a stirred suspension of mercuric acetate (7.76 g.| in 100 ml. of water and 100 ml. of tetrahydrofuran 

1 5 at about 25°C. After 3.75 hr the mixture is cooled to 5^C. and treated with sodium borohydride ( 1 .46 15 
g.l. The mixture is stirred an additional 5 mki. without coolir>g. then diluted with ether and filtered. The 
organic phase, together with ether-extracts of the aqueous phase. Is dried Bn6 concentrated. The 
residue is chromatographed. eluting with ethyl acetate -Skeltysolve B ( 1 :2 to 1 : 1 ) to yield the formula- 
CXXXVI compound, 9-(dimethyl-t-butylsilyl)-<19R,S)-19-hydroxy-PGF^, 1 1.15-bie(tetrahydropyran-2- 
20 yl ether), methyl ester. 8.86 g.. having R, 0.23 (TLC on silica gel in ethyl acetate-Skellysolve B (1 :2)), 20 
and NMR peaks at 5.72—5. 1 5. 4.76—4.46. 4.28—3.09. 3.58, 2.74—1 .22. 1 .08, and 0.87 5. 

III. The above material is reduced with hydrogen over palladium {5%)-on-carbon catalyst (0.250 
g.) in 75 ml. of ethyl acetate containing about 0.3 ml. of acetic ackl. Additional catalyst and acetic actd 
are added as necessary to obtain 1 06 ml. uptake of hydrogen. The product (CXXXV1I) is a mixture of the 

25 PGE, and 1 3.1 4-dlhydro compounds In a ratio of about 0.4/0.6. 25 

IV. The above formula-CXXXVII compounds (about 2.55 g.) are treated with dihydropyran ( 1 .50 
mT.) and pyridine hydrochloride (0.1 20 g.) in 40 ml. of methylene chloride for 1 5 hr. at about 25**C. The 
mixture is diluted with 1 75 ml. of methylene chtorkte, washed with 5% aqueous sodium bicarbonate, 
water, and brine, dried and concentrated to the formula-CXXXVIII compourxls. 2.765 g. 

30 V. The above methyl esters are reduced with lithium aluminum hydride (0.278 g.) in 1 0 ml. of 30 
diethyl ether with stirring for 1 .5 hr. at about 25^C. The mixture is chilled and quenched with saturated 
aqueous sodium sulfate, diluted with ether, and treated with powdered sodium sulfate. The mixture is 
filtered, washed with ether, concentrated and dried to an oil. 2.542 g. represented by formula CXXXIX. 

VI. The formula-CXXXIX C — 1 alcohols are bk>cked by treating with dihydropyran ( 1 .40 ml.) and 

35 pyridine hydrochloride (0.1 20 g.) in 40 ml. of methylene dichloride for about 1 7 hr. at about 25^0. After 35 
the usual work-up there is obtained 2 829 g. of an oil represented by formula*CXL 

VII. The atx>ve product Is desiiytated in preparation for oxkJation at C — 9. The product of VI is 
treated with n-tetrabutylamnrkonium fluoride (1 2 ml. of 0.75 M in tetrahydrofuran with 1 5 ml. of 
tetrahydrofuran) for about 6.5 hr. at 25^0. and one hr. at 40^C. There is added an additional 3 ml. of 

40 reagent and the reactk)n continued at 40^C. for or>e hr. The mixture is diluted with 250 ml. of ether. 40 
washed with brine, water, and brine, dried and concentrated. The mixture is chromatographed to yield 
an oil, 1 .970 g., represented by formula CXLI. 

VIII. The formula-CXLI product of VII above is oxidized with Jones reagent, using 1 .85 ml. (2.67 
M) in 65 ml. of acetor>e. quenching with 3 ml. of isopropanol, to yield 1 .91 0 g. of the mixed formula- 

45 CXLIII compounds. 45 
tX. The product of VIII is hydrotyzed to remove bk>cking groups, using 80 ml. of acetic acid-water- 
teuahydrofuran (20:10:3) for 4 hr. at about 45*C. The solvenu are removed azeotropicalty with 
benzene to give an oil. 1 .680 g. The reskJue is chromatographed by HPLC. eluting with acetor>e- 
methylene chkKkle (2:1). to yiekl (after some mechanical losses) the PGE,-type title compourxJ (0. 1 1 4 

50 g ) end the less polar 1 3,14-dlhydro-PGErtype title compound (0.230 g.), CXUV and CXLV 50 
respectively. 

EXAMPLE 19 2-Decarboxy-2-hydroxymethyM19R.S)-19-hydroxy-PGF,a 
and 

2 -Oecarboxy-2 -hydroxymethyf- 13.1 4-dihydro-( 1 9R,S)- 1 9-hydroxy-PG F , a 
55 Refer to Chart 24. The formule-CXU compounds are deblocked in dilute acid to yield CXLII. the 55 
mixed title compounds, which are separated by silica gel chromatography. 

EXAMPLE 20 2-Oecarboxy-2-hydroxymethyl-(19R.S)-19-hydroxy-PGF,. (Formula CL) 

I. Refer to Chart 25. The formula-CXLVI starting material, namely 1 9,20-didehydro-PGF2a, 11.15- 
bis-(tetra-hydropyran-2-yl ether), methyl ester (Example 3). is first oxymercurated. A stirred suspension 
60 of mercuric acetate (7.78 g.) in 1 00 ml. of water and 1 00 ml. of tetrshydrolursn is treated with 1 9^20- 60 
didehydro-PGF^a, methyl ester (9.25 g.) In 100 ml. of tetrahydrofuran added dropwiee at 25*C. In 
about 1 5 min. The n>ixture is stirred at about 25<*C. for 3.75 hr., ooobd to 5*^C end taeted with portions of 
sodium bofphydride ( 1 .46 g.) demercurate. Stirring is continued for 5 min. while wermir>g to about 
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25°C The mixture is diluted with ether (about one 1 .) and filtered through Celite. The organic phase •« 
dried and concentrated to crude CXLVII. The residue is chromatographed, eluting wrth ethyl acetate, to 
yield CXLVII. namely (1 9R,S)-1 9-hydroxy-PGF,a. 1 1,1 5-bts(tetrahydropyran-2-vl ether), methyl eeter, 
having R, 0.38 (in ethyl acetate -Sicellysolve 8 (4:1 )). and NMR peaks at 5.89—5.03. 4.83—4.62. 
5 4.28— 3.17.3.65. 2.78— 1.28, and 1.18*. 6 

II. Next is prepared the formula-CXLVIII corresponding PGF,a compound. Compound CXLVII above 
( 1 .2 70 g.) in 40 ml. of ethyl acetate together with 0. 1 30 g. of 5 percent palladium-on-carbon catalyst is 
reduced with hydrogen at one atmosphere at about 25*'C. The catalyst is filtered off and the filtrate is 
concentrated to yield the formula-CXLVIII compound, namely ( 1 9R,S)- 1 9-hydroxy-PGF,a. 11.15- 

10 bis(tetrahydTOpyran-2-vl ether), methyl ester. 1.230 g.. having NMR peaks at 5.50. 4.70. 4.30—3.20. to 
3.67.2.50.2.70—1.20, and 1.15 A. and infrared absorption at 3500. 2995. 1730. 1430. 1200. 1020. 
970, 865. and 805 cm"'. 

III. The conesponding C-1 alcohol is obtained by reduction. A solution of compound CXLVII! above 
( 1 .230 g.) in 1 5 ml. of ether is added to an ice-coW suspension of Ihhium aluminum hydride (0.337 g.) 

15 in 1 0 ml. of ether. An additkjnal 20 ml. of ether is added and the mixture is stirred at about 25*C. for ^ 5 
one hr. Thereafter about 7 ml. of saturated aqueous sodium sulfate is added dropwise, and solid sodium 
sulfate to coagulate aluminum salts, and the mixture is filtered. The filtrate is concentrated to an oil. 

I . 1 50 g. The procedure of reduction is repeated if necessary to convert unreacted formula-CXLVIII 
material. The resulting oil is chromatographed by HPLC on a Merck "8" column, eluting with ethyl 

20 acetate-Skellysolve 8 (9:1 )). to yield the formula-CXLIX compound, namely 2-decarboxy-2- 20 
hydroxymethyK 1 9R.S)- 1 9-hydroxy-PGF,a. 11.1 5-bis(tetrahydropyran-2-yl ether). 0.985 g.. having 
NMR peaks at 5.50. 4.70. 4.25—3.20. 2.80. 2.60—1 20. and 1 .1 5 6, and infrared absorption at 3400. 
2990, 1 430, 1 1 20, 1 020, 970. 900. 860. and 805 cm"\ 

IV. The formula-CL title compound is obtained on deblocking the formula-CXLIX compound above 

25 in acetic acid-water-tetrahydrofuran (20:10:3) at about 40 — 45*C for 45 min.. concentrating, and 26 
chromatographing. 

EXAMPLE 2 1 9-(Dimethyl-t-butylsilyl)- 1 9-keto-PGF,a. bis(Tetrahydropyranyl Ether) (Formula CLXIX) 
and 

1 9-Keto-PGF,a. Methyl Ester (Formula CLXX) 
30 I Refer to Chart 29. The formula-CXXXVI product of Example 1 8 (0.500 g.) in 8 ml. of methylene 30 

chloride is added to Collins reagent (prepared from chromic anhydrkle (0.526 g.) in pyridine (0.831 g.)) 
and methylene chlorkje at 0**C. The mixture is stinred at about 26*C. for 1 .2 hr., then diluted with 200 
ml of ether, filtered, and concentrated. The resWue (0.502 g.) consists of the formula-CLXIX 9-silyl- 

II, 1 5-bis(THP ether)- 1 9-keto compound. 

35 II The product of I is hydroiyzed in teuahydrofuran-acetic acid-water (3:20:10) at 47 — 50**C. for 35 

4 hr. The mixture is concentrated and then c^iromatographed eluting with acetone-nnethylene chloride 
(1:1). There is obtained the title compound. 0. 1 26 g.. having R| 0.33 (TLC on silica gel in acetone- 
methylene chloride (1 :1 )). NMR peaks at 5.87— 5 06. 4.60—3.12. 3.65, 2.69—0.84, and 2.13 «; 
infrared absorptwn at 3350. 2900. 1 730. 1 430, 1 350. 1 220. 1 1 60. and 965 cm'', and mass spectral 

40 lines at 598.3545. 583. 5 1 3. 508. 493. 423. 41 8. 2 1 7. and 1 87. 40 

EXAMPLE 22 (1 5R)- 1 9-Keto-PGF^ (Formula CLXX) 

Refer to Charts 24 and 29. Folk>wing the procedures of Examples 3. 1 8. and 2 1 but replacing the 
(3S) lactone isomer of Example 3 with the corresponding (3R) Isomer obtained in Example 2. there is 
obtained the title compound, having R^ 0.27 (TLC on si1k:a gel in methylene chloride-acetone (1 :1)), 
45 NMR peaks at 5 70— 5.1 5. 4.10. 3.67, 3.20. 2.17. and 2.70—1 .20 S: infrared absorption at 3300. 45 
2990, 1710. 1420. 1350. and 965 cm'V and high resolution mass spectral line at 598.3516. 

EXAMPLE 23 19-Keto-1 3.14^ihydro-PGF,a. Methyl Ester (Formula III) 

I The formula-CXXXVI product of Example 1 8—11. I.e. 9-dimethyl-t-butylsi»Yl-(1 9R,S)-1 9-hydroxy- 
PGFj.. 1 1 .1 5-bis(tetrahydropyran-2-yl ether), methyl ester (2.0 g.) is reduced at C^ — C, and C,,— C,4 
50 by catalytic hydrogenation in 75 mL of ethyl acetate using 200 mg. of 5% palladium-on-carbon catalyst 50 
to a mixture of the corresportding PGF,a and 1 3.1 4-dihydro-PGF,a products which is furttwr 
hydrogenated to the 1 3. 1 4-dihydro compound. 

II. Following the oxidation procedures of Example 2 1 . the corresporxjing 9'Silyl-l 1 -1 5-bis(THP 
ether)- 1 3. 1 4-dihydro- 1 9-keto-PGF,a. methyl ester is obtained. 
55 Thereafter, by hydrolysis in tetrahydrofuran-acetic ackl-water, the title compound is obtained. The 55 

TLC and NMR data show the presence of a less polar acetal form as well as the 1 9-keto form. R, 0.26. 
0.54. and 0.67 (TLC on sHica gel in A— IX soh/ent): NMR peaks at 4.52—3.30. 3.62, 3.38. 3.00 — 0.87. 
2 08. and 1 . 1 8 ^: and mass specual lines at 5 1 2.3336. 528. 5 1 7. 497. 427. 422. 412. 369. and 2 1 7. 

EXAMPLE 24 2-Oecarboxy-2-hydroxymethyl-19-keto-PGE, (Formula CLXXXIII). 
60 I. Refer to Chan 3 1 . The termula-CXUX compound, namely 2 -decarb09(y-2 -hydroxymethyK 1 9R.S)- 1 9- 60 
hydroxy-PGF,„. 1 1 . 1 5-bis(tetrahydropyranyl ether) (Example 20 — III. 0.985 g.) is blocked at C — 1 with 
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silyl by treating in 6 ml. of ica-cold dimethylformamide with 0.135 g. of dimethyht-butylsUyl chkKide 
and 0. 1 22 g. of imidazole. The mixture is stored at 0 — 5^C., for 2 hr., then treated wfth additional 0. 1 35 
g. of dimethyl-t-butylsilyl chloride and 0.1 22 g. of imidazole. Finally, after 1 8 hr. at 0 — 5®C.. the mixture 
is again treated with 0.085 g. of silyl reagent and stored at 0 — 5®C. for 3 hr. The mixture is quenched 
5 with crushed ice (about 1 0 g.), stirred, diluted with water, and extracted with ether. The organic phase is 5 
washed with water, and brine, dried, and concentrated to an oil, 1 .1 25 g. The oil is chromatographed by 
HPLC, eluting with ethyl acetate-Sicellysoh^ B (1 :1). to yield the formula-CLXXXI compound, 0.475 g. 
having NMR pealcs at 5.50. 4.70, 4.30—3.30. 2.70—1 .25. 1.15, 0.90, and 0.03 5, and infrared 
absorption at 3500. 2995. 1460, 1225, 1100, 1020, 835, and 770cm-V 

1 0 M. The C — 9 and C — 19 hydroxy groups of the formula-CUOCXI compound of I are oxidized, using 10 

Collins reagent following the procedure of Example 2 1 but using 1 .036 g. of chromic anhydride and 
1 .66 mt. of pyridine in 54 ml. of methylene chloride with 0.475 g. of CLXXXI above. There is obtained 
the formula-CLXXXII compound, namely 2-decartx>xy-2-hydroxymethyl-1 9-lceto-PGEv 1 -dimethyl-t- 
butylsilyl ether, 1 1 .1 5*bis(tetrahydropyran-2-yl ether), 0.428 g., having NMR pealcs at 5.60, 4.70, 

15 4.30— 3.10, 2.10,2.85— 1.1 0,0.90 and 0.05 6. and infrared absorption at 2990, 1730, 1710. 1460, 15 
1340. 1200. 1100.970. 830. and 770 cm'V 

Hi. The produa of II above is deblocked in 1 5 mt. of acetic acid-water-tetrahydrofuran (20:10:3) at 
40 — 45°C. for 3 hr. The solvents are removed azeotropically with chloroform under reduced pressure. 
The residue is chromatographed, eluting with acetone-methylene chloride (1 :1) to yield the formula- 

20 CLXXXIII title compound, 0.042 g., and its formula-CLXXXIV hemiacetal. 0.052 g. The hemi-acetal is 20 
converted to the 1 9-keto form in acetic acid-water-tetrahydrofuran. The 1 9-keto compound has NMR 
peaks at 5.65 4. 1 5. 3.60. 3.00, 2. 1 3, and 2.65—1 .20 d. infrared absorption at 3400, 2990. 1715, 
1 350, 1 220, 1 070. and 965 cm~\ and high resolution mass spectral peak at 570.3626. 

EXAMPLE 25 ( 1 9R.S)-1 9-Hydroxy-PGF2a. Methyl Ester, 9,1 94)is(dimethyl-t-butylsilyl ester), 11,15- 
25 bis(tetrahydropyran-2-yl ether) (Formula CLXXXV) 25 

Refer to Chart 32. Following the procedure of Example 1 8 — I the formula CXXXVI 1 9-hydroxy 
compound of Example 1 8 — II (4.34 g.) is stiylated to yield the title compound, 4.84 g. 

EXAMPLE 26 2-Decarboxy-2-hydroxymethyM 1 9R,S)-1 9-hydroxy- PGF,a. 9,1 9-bis(dimethyl-t-butyl 
silyl ether). 1 1 .1 5-bis(tetrahydropyran-2-yl ether) (Formula CLXXXVI) 

30 Refer to Chart 32. The formula-CLXXXV product of Example 25 (4.84 g.) in 35 ml. of ether Is 30 
added dropwise to a suspension of lithium aluminum hydride (0.943 g.) in 1 25 ml. of ether at about 
25^C. After 4.5 hr. an additional 0.472 g. of lithium aluminum hydride is added and again after another 
hour. The mixture is heated at reflux for 30 min.. then cooled in an ice bath and quencfied with gradual 
addition of 55 ml. of saturated aqueous sodium sulfate. Anhydrous powdered sodium sulfate Is added 

35 and the mixture filtered. The filtrate & concentrated to yield the title compound, having R, 0.58 (TLC on 35 
silica gel in ethyl acetate-Skellysolve B (1 :2)) and NMR peaks at 5.73 — 5.00. 4.76 — 4.43. 4.32 — 3.12. 
2.75—1 .19.1 .08, 0.87, and 0.84 6. 

EXAMPLE 2 7 2-Decarboxy.2-hydroxymethyM 1 9R,S)- 1 9-hydroxy-PGF^. 9. 1 9-bis(dimethyl-t-butyl- 
silyl ether). 1 .1 1 ,1 5-tris(tetr8hydropyran-2-yl ether) (Formula CLXXXV1I). 

40 Refer to Chart 32. The formula-CLXXXVI product of Example 26 (4.67 g.) in 25 ml. of methylene 40 
chloride is treated with dihydropyren (0.941 g.) in the presence of a catalytic amount of pyridine 
hydrochloride at about 25^C. After 5 hr. additional dihydropyran (0.52 g.) is added. Rnally the mixture 
is diluted with 1 50 ml. of methylene chloride, washed with 5% aqueous sodium bicartx>nate and brine, 
dried, arxl concentrated to yield the title compound. 5.25 g., having R, 0.7 1 (in ethyl acetate-Skellyaolve 

45 B(1:2)). 45 

EXAMPLE 28 2-Decart)oxy-2-hydroxymethyH19R,S)-19-hydroxy-PGF^. 1.1 1. 15- 

tris(tetrahydropyran-2-yl ether) (Formula CLXXXVIII) 
Refer to Chart 32. The formula-CLXXXVII compound of Example 27 (5. 1 9 q.) is desilylated by 
treatment in tetrahydrofuran with 8 equivalents of tetra(n-butyt)amnrK>nium fluoride at 40*C. The 
50 reaction mixture is diluted with 1 50 ml. of ethyl acetate, washed with brine and water and brine again, 50 
dried, and concentrated. The reskjue is chromatographed, eluting with ethyl acetate-Skellysolve B (2:1) 
to yield the title compound. 3.10 g., having R, 0.35 (in ethyl acetate-Skellysolve 6 (2:1)) and NMR peaks 
at 5.75—5.12.4.84 — 4.50. 4.35— 3.1 5, 2.73— 1 .05. and 1.16*. 

EXAMPLE 29 2-Decart)oxy-2-hydroxymethyMl9R.SI-19-hydroxy.PGF,a. 1.1 1.15- 
55 tris(tetrahydropyran-2-yl ether) (Formula CLXXXVIII) 

Following the procedure of Example 23 the formula-CLXXXVIII product of Example 28 is 
cataMically hydrogenated to the PGF,^ title comoound. having R, 0.32 (in ethyl acetate-Skellyaoh/e B 
(2:1)) and NMR peaks at 5.73—5.27. 4.89 — 4.45, 4.33—3.15. 2.83—1 .00, and 1 .186. 
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EXAMPLE 30 2-Decart>oxv-2-hYClroxymethyl- 1 9-keto-PGE, (Formula CXCI) 

Refer to Chart 32. Following the procedure of Example 2 1 the formula-CLXXXVIII product of 
Example 29 ( 1 90 g.) is oxidized and then hydrolyzed to the title compound. 0.360 g. The product is 
contaminated with a small amount of the corresponding cis-A*-1 3.14-dihydro compound. Data for the 
5 product are; R, 0.24 (in acetone-methylene chloride (1 NMR peaks at 5.80 — 5.55. 5.55 — 5.28 5 
(impurity), 4.60 — 3.22, 3.53. 2.92 — 0.95. and 2.08 A, and infrared absorption at 3300, 2850, 2800. 
1700, 1420. 1390. 1340. 1300. 1230, 1 150, 1065. 1000. 960, and 720cm-V 

EXAMPLE 3 1 2-Decartx>xy-2-hydroxymethyJ-( 1 9R,S)- 1 9-hydroxy-PGF,a (Formula CLXXXIX) 

Refer to Chart 32. Following the procedure of Example 2 1 , the formula-CLXXXVIII compour>d of 
10 Example 28 is deblocked by acid hydrolysis in tetrahydrofuran-acetic acid-water (3:20:10) at about to 
40 — 45°C. to yield the title compound. 

EXAMPLE 32 2-Decarboxy-2-hydroxvmethyl-1 9-keto-PGEj (Formula CXCI) 

Refer to Chart 32. The formula-CLXXXVIII compound of Example 28 ( 1 .2 g.) is oxidized with Jones 
reagent (3.6 mi. of 2.67 M) added dropwtse to the acetone solution at - 35°C., thereafter stirring at 

1 5 about -20°C. for 35 min. The reaction is quenched with tsopropanot (6.0 ml.) and stirring continued for 1 5 
5 min. The mixture is poured into 250 ml. of 5% aqueous sodium bicarbonate and 1 50 ml. of ice water 
and extracted with ether. The organic phase is washed with brine, dried, and concentrated. The residue 
is hydrolyzed to remove blocking groups in tetrahydrofuran-acetic acid-water (3:20:10) at 30®C. for 16 
hr. and the solution is concentrated. The residue is chromatographed on a high pressure Merck "B" 

20 column eluting with acetone-methylene chloride (1:1) containing 1% acetic acid, to yield the title 20 
compound. 0.3 1 0 g., having 0.30 (in acetone-methylene chloride (1:1)) and NMR peaks at 
5.84—5.52, 5.52—5.00, 4.58—3.78, 3.78— 3.1 6. 2.98—0.90. and 2.07 b, 

EXAMPLE 33 3r>,5a-Dihydroxy-2^1(3RS)-3-hydroxy-7-oxo-trans-1 -octenyl)-1f>-cyclopentaneacetic 
Acid ^'-Lactone. 3.3'-bis(Tetrahydropyran-2-yl Ether) (Formula CXCVII). 

25 Refer to Chart 34. The formula-CXXIX 7-hydroxy lactone (Example 1 7. 10.02 g.) in 300 mL of 25 

acetone is treated at — 30°C. with Jones reagent (14.95 ml. of 2.67 M) added dropwise within 10 min. 
The mixture is stirred at —25 to — 20°C. for additional 1 8 min.. then quenched with 20 ml. of 
isopropanol atid stirred 5 min. more. The mixture is added to 500 ml. of cold 5% sodium bicartx>nate 
and 800 ml. of ethyt acetate, separated, and the organic phase is combined with ether extracts of the 

30 aqueous phase. The organic pha^e is washed with 5% sodium bicarbonate, ice water, and brir>e, dried 30 
and concentrated to yield the title compound. 9.93 g.. having R, 0.64 (TLC on silica gel in acetone- 
methylene chloride ( 1 :3). and NMR peaks at 5.50. 5.00. 4.63, 4.25—3.0). 2.13. and 3.00— 1 .20 6. 

EXAMPLE 34 3a.5a-Dihydroxy-2^((3R.S)-3.7-dihvdroxy-7-methyl-trans- 1 -octenyll- 1 a- 

cyclopentane-acetic AckJ p-Lactone. 3.3'-bis(Tetrahydropyran-2-yl Ether) (Formula 

35 CXCVIII) 35 

Refer to Chart 34. The Formuia-CXCVII 7-oxo lactone (Example 33. 0.500 g.) in 33 ml. of diethyl 
ether is treated at -78°C. with 2 equivalents of methylmagnesium bromide (0.766 ml. of 2.9 M) added 
'iropwise over one min. The mixture is stirred at -78** for 30 min. more, then treated with an additional 
2 equivalents of methylmagnesium bromide at -78** for 2 hr. The mixture is added to 40 ml. of 

40 saturated aqueous ammonium chloride and extracted with ether. The organic phase is washed with 40 
brine, dried, and concentrated. The concentrate is chromatographed on a HPLC column, eluting with 
acetonemetbylene chloride (1 :5) to yield the title compound. 0.391 g.. having R, 0.39 (TLC on silica gel 
in acetonemethylene chloride (1 :3)), NMR peaks at 5.66 — 5.33. 5.1 84.81 . 4.81 — 4.47. 4.29 — 3.16. 
2.97— 1.29. and 116 d, infrared absorptionat 3550. 3000. 1770, 1460. 1440. 1430. 1350,910, 

45 865. 840 810. 765. and 735 cm'\ and mass spectral lif>es at 523.31 18 439, 437 436 421 395 45 

131. and 85. 

EXAMPLE 35 3a,5a-Dihydroxy-2A-((3R.S)-3.7Klihydroxy-7-methyl-irans-1 -octenyl)-1r>- 

cyclopentane acetatdehyde >^Lactol. 3,3'-bis(Tetr8hydropyran-2-yl Ether) (Formula 
CXCIX). 

50 Refer to Chart 34. The formula-CXCVIII 7 -hydroxy- 7 -methyl lactone (Example 34, 6.98 g.) in 1 00 60 

ml of toluene is reduced at -78®C. with diisobutyl aluminum hydride (OIBAL) (25 ml. of 1 .5 M in 
toluene) added dropwtse over 1 3 min. The mixture is stirred at -78** for one hr. treated with additional 
0I8AL (5 ml.), stirred for 2.25 hr. and again treated with DIBAL (5 ml.). After 0.75 hr. more stirring, the 
mixture is warmed to -40<* over 30 min.. then cooled to -78** and carefully quenched with saturated 

55 aqueous sodium sulfate. The mixture is diluted with 850 ml. of diethyl ether, stirred with powdered 55 
sodium sulfate (20 g ) until the aluminum salu coagulate, then filtered. The filtrate is concentrated and 
then chromatographed on silica gel eluting with acetone-methylene chloride (1 :2 to 1 : 1 ) to yield the 
title lactol compound, 4.89 g. The product has R, 0.24 (TLC on silica gel in acetone-methylene chloride 
( 1 2)1. NMR peaks at 5.77—5.0. 4.86--4 33, 4.33— 3.1 8. 3.1 1 — 1 .27. and 1 . 1 5 5. infrared abwrptkm 
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at 3500 3000 1750, 1730. 1470. 1450. 1440. 1370. 1340. 1200. 1 120, 910, 865. and 810 cm 
and mass spectral lines at 527.3201 . 426. 336. 247. 246. 1 31 , and 85, 

EXAMPLE 36 1 S-Hydroxy-I 9-methyl-PGFja. Methyl Ester. 1 1 .1 5-bis(Tetrahydropvran-2-yl Ether). 
Mixed C-1 5 Epinners {Formula CO. 
5 Refer to Chart 34. The Wittig reagent is first prepared from 4-cart>oxYbutyl triphenylphosphonium 5 

bromide (16 1 9 g ) added to the reaction product of sodium hydride (3.51 g.) and 85 ml. of 
dimethylsulfoxide previously warmed to 70— 75°C. for 1 .5 hr. and then cooled to about 25oC. The 
mixture is stirred at about 25°C. for 25 min., then treated with the formula-CXCIX lactol (Example 35. 
4 89 g ) in 35 ml of dimethylsulfoxide added dropwise over 1 5 min. and stirred additional 30 mm. The 

1 0 mixture is added to one liter of ice-water containing 250 ml. of 2N potassium hydrogen sulfate and ttien 10 
extracted with ether. The organic phase is washed with brine, dried, and concentrated. The productin 

100 m! of ether and 5 ml. of methanol, is esterified with diazomcthane. The solution is concentrated 
and then chromatographed on a HPLC column eluting with ethyl ac^^^ te-Skelly solve 8(1 :1) to 'j^^ 
title compounds. 4.08 g. having R, 0.20 (TLC on silica gel in ethyl acetate-Skellysolve B (2:1 )) and 0.60 

1 1 (TLC on silica gel in acetone-methylene chloride { 1 :2)), NMR peaks at 5.77—5.29, ^^^—^'f^' ^ ^ 
4.34— 3.16, 3.67. 2.82— 1 .33. and 1 .20A, and infrared absorption at 3550. 3000, 1740, 1430, 1350. 
1200, 1 130. 1070, 1020, 970. 900. 865, and 810cm-V 

EXAMPLE 37 1 9-Hydroxy-1 9-methyl-PGFja. Methyl Ester and its (1 5R) Epimer (Formula CGI). 

Refer to Chart 34, The mixed formuIa-CC bis(THP ether) compounds (Example 36. 0.590 Q.) are 

20 hydrolyzed in 33 ml. of acetic acid-water-tetrahydrofuran (20:1 0:3) at about 25°C- overnight. The 20 
mixture is concentrated from toluene and then ethyl acetate. The residue is chromatographed on a 
HPLC column eluting with acetone-methylene chloride (3:2) to obtain, first, the (1 5R) title compound. 
0 1 2 9 g. The (1 5R) compound has R, 0.38 and the ( 1 5S) compound has R, 0.27 (TLC on silica gel in 
acetone-methylene chloride (31)). The 1 5S compound has NMR peaks at 5.75—5.04. 4^32—3.03, 

25 3.65.2.66— 1.31. and 1 .1 7 iS. infrared absorption at 3450, 3000. 1740. 1430. 1360. 1200, 25 
1 1 50 965. 920, and 900 cm'\ and mass spectral lines at 671 .4000. 686. 596. 581 . 513, 
506, 491 423. 397. 333, 307. 243. and 217. The (1 5R) compound has very nearly the same 
spectral properties. 

EXAMPLE 38 1 9-Hydroxy- 1 9-methyl-PGE,. Methyl Ester, and its ( 1 5R) Epimer (Formula CCIM) 
30 Refer to Chart 34. The mixed formula-CC bis(THP ether) PGF,a compounds 'Example 36, 0JB02 g.) 30 
are oxidized with Jones reagent following the procedure of Example 1 2, and then are hydrolyzed to 
replace THP blocking groups following the procedure of Example 37. The mixed C— 1 5 ©P'^yf^ 
separated by chromatography on a HPt C column, eluting with acetone-methylene chlonde(l :1 ) to 
obUin first the 1 5R title compound 0 11 9 g. and then the 1 5S title compound. 0.138 g. The 1 5R 
35 compound has R, 0.48 and the 1 5S compound has R, 0.36 (TLC on silica gel ^^^JP"*-*^ . 35 

chlo^e (3 1))- The 1 5S compound has NMR peaks at ^ 83-5.02^- ^f-^" 

1.20 A. infrared absorption at 3450, 3000, 1 740. 1430. 1360, 1300. ^ 11 50 1070. la^-^eS- 
900. and 760 cm-, and mass spectral lines at 597.3441. 581 . 522. 507. 439, 349, 295. and 131. The 
1 5R compound has very nearly the same spectral properties. 

40 EXAMPLE 39 1 9-Hydroxy- 1 9-methyl-PGF3a. Methyl Ester (Formula CCVI) , 
Refer to Chart 35. The formula-CLXXVI 9-5tlyl- 11.1 5-bis(THP ether)- 1 9-lceto compound (Example 
21 0 500 g.) in 50 ml. of benzene is treated at about 25^C. with 2.3 equivalents of trimethylaluminum 
added dropwise over one min. The mixture is stirred for 30 min. and then added to 50 ml. of Mturated 
aqueous ammonium chloride and extracted with ethyl acetate. The organic phase is washed with bnne. 

45 dried and concentrated. The residue is chromatographed to yield the corresponding 1 ' 
methyl compound which is then deblocked in tetrahydrofuran-acetic acid-water (3:20. 10) to yiekJ the 
title compound, having the same properties as the product of Example 37. 

EXAMPLE 40 1 5.1 9-Dimethyl 1 9-hydroxy-PGF,a. Methyl Ester and its (1 5R) Epimer (Formula CCVI) 
Refer to Charts 30 and 35 As starting material there is used the formula-CXXVI product of 

50 E«amp4e 1 5. namely (1 5R,S)- 1 5-methyl-1 9. 20-didehydro-PGf, a. 11 -tetrahydroovranvl ether methyl 50 
ester (Example 1 5) After saponification and recovery as the free acid, the compound is treated first with 
the silylating agent, and then with dihydropyran in the presence of pyridine hydrochloride to form a 
formula-CLXXIV compound of Chart 30. Thereafter the 1 5-methyl 1 9-keto compound of formula 
CLXXVI is prepared using procedures described herein. 

55 Finally following the steps of Chart 35. the title compounds are obtained and separated by silica 55 
gel chromatography using procedures described herein or known in the art. 

EXAMPLE 41 1 9-Hydroxy- 19-melhyl-PGF,r*. Methyl Ester, and its (1 5R) Epimer. (Formula CCXItl). 

I Refer to Chart 36. The mined formula-CC bis (THP ether) of the PGF,ft compounds (Example 36, 
1 .5 g ) in 60 ml of ethyl acetate are reduced at Cj — C, by hydrogenation at about 25*C. in tht pmeocv 
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of 200 mg of 5% palladium-on-carbon with slighly over the theory for of>e «»"*valem of hydr^ 
solids are filtered off and the filtrate concentrated to yield the corresponding formula-CCXIl bwOWP 
ether) of the PGf.fi compounds having 0.28 (TLC on silica gel in acetone-Skellysofve B (1 .2)). 
II The atwve compounds are hydrolyzed to the title compounds following the procedure of 
5 Example 37, thereafter separating them by HPLC eluting with acetone-methWene chloride H :1) The 5 
( 1 5S) title compound has R, 0.23 (TLC on silica gel in •<ftpne-Skellysolve '^JJ^J^"^ 
5 85— 5 05. 4.52—3.23, 3.67. 2.68—1 .27, and 1 .1 9 5. infrared absorption at 3450. 3000. 1 740. 
1 440 1 360 970 and 900 cm'\ and high resolution mass spectral line at 688.4380. The 0 5R) title 
compound has R, 0.29 (TLC on silica gel in acetone-Skellysoive B (3:1)). NMR P«»^» ajf-^^^,^^^^ 
10 4.33-3 0. 3.65. 2.6S— 1.28. and 1 .20 6. infrared absorption at 3450. 2950. 1740. 1440. 1360.970. 10 
905. 825. and 765 cm"V and high resolution mass spectral line at 688.4394. 

EXAf^PLE 42 1 S-Hydrojcy- 1 9-methYl-PGE,. Methyl Ester and its { 1 5R) Epimer. (Formula CCXV)^ 

Refer to Chart 36. The formula-CCXIl bis(THP ether) of the PGF,a compounds (Example 41J0.900 
g ) are oxidized with Jones reagent following the procedure of Example 33 and then are hydrolyred to 

1 b replace THP blocking groups following the procedure of Example 37. The mixed C— 1 5 •P'™^ 1 5 

separated by chromatography on a HPLC column, eluting with acetone-methylene chloride ( 1 : 1 ). The 
( 1 5S) compound has R, 0.33 (TLC on silica gel in acetone-methylene chloride (2:1 )). NMR peaks at 
5 80— 5 40 4 55— 3.33, 3.65. 3.00 — 0.80. and 1 .20 infrared absorption at 3450, 2960, 1 740. 
1430 1360 1240 1150 1070, 1040, 1000. 965. 910. and 730 cm'V and high resolution mass 
20 spectral i.ne at 599 3590. The ( 1 5R) compound has R, 0.39 (TLC on silica gel in »cetone-methylene 20 
chloride (2 1)). NMR peaks at 5.85-5.52. 4.38-3.58. 3.67. 3.58-2.81, 2.8 1-1. 03 and 1.206. 
mfrared absorption at 3450. 2950. 1740. 1430, 1260. 1 150. 1070, and 965 cm'V and high resolution 
mass spectral line at 628 3900. 

EXAMPLE 43 1 9 -hydroxy- 1 9- methyH 3,1 4-dihYdro-(l 5R)-PGE,, Methyl Ester. ^ 

2 5 The formula-CCXV 1 9-hydfOxy- 1 9-methyM 1 5R)-PGE,. methyl ester (Example ^2. 0,1 48 g.)w 25 

hydrogcnated again over 5% palladium -on-carbon, following the procedure of Example 41 . The product 
is chromatographed by HPLC. eluting with acetone-methylene chtoride (1 :2) to yiekJ the title 
compound 0 03 1 g. having R^ 0.35 (TLC on silica gel in acetone-methylene chtoride <2:1)). NMR peate 
3x4,44—3.60.3.66, 3.46— 3.08. 2.96— 1 08. and 12 1 *. infrared absorption at 3500. 3000, 1740. 
30 1430. 1270, and 1 1 50. and high resolution mass spectral peak at 601.3797. 30 

EXAMPLE 44 19.Hydroxy-19-methyl-13,14-dihydro-(15S)-PGE„ Methyl Ester 

The formula-CCXIII 1 9-hydroxy-1 9-methyl-PGE,. methyl ester (Example 42. 0.1 79 g.) is 
converted to its bis(THP ether) and hydrogen ated again following the procedure of Example 41 . 
Thereafter the THP groups are replaced by hydrolysis and the product chromatographed by HPLC 
35 eluting with acetone-methylene chloride (2:3) to yield the title compound, 0.031 g. The compound has 35 
R, 0 41 (TLC on silica gel in acetone-methylene chloride (2:1 )). and spectral data similar to that for the 
1 5R epimer (Example 43). 

EXAMPLE 45 2-Oecarboxy-2-hydroxvmethyi-1 9-hydroxy-19-methYl-PGF,a. 1 1.15- 
bis(tet^ahydropy^an-2-yl ether). Mixed C— 15 Epimers. (Formula CCLXVII). 

40 Refer to Chart 46. The formula-CCLXVl 1 9-hydroxy- 1 9-methyl-PGF,a. methyl ester, 11.15- 40 

bis<tetrahydropyran-2-yl ether) (Example 36, 1 98 g.) in 65 ml, of ether is added dropwise in 20 min. to 
a stined suspension of llthkim aUjminum hydrkie (0.530 g.) in 1 30 mL of ether at about 25'*C. The mixture 
IS stirred for 2 5 hr and then quenched t>y careful addition of saturated sodium sulfate solution. There is 
then added 400 ml. of ether and 1 0—1 2 g. of powdered anhydrous sodium sulfate and. after about 30 

45 min stirring, the solids are filtered off and the filtrate is concentrated to yield the title compounds. They 45 
have R, 0.30 (TLC on silica gel in ethyl acetate) and NMR peaks at 5.82—5.00. 4.86 — 4.57. 
4.36—3.17. 2.8S— 1.31, and 1.19 3. 

EXAMPLE 46 2-[>ecarboxy-2-hydroxymethyl- 1 9-hydroxy- 1 9-methyl-PGF,a and iU ( 1 5fl» Epimer. 
(Formula CCLXVIII). 

50 Refer to Chart 46. Following the procedures of Example 37 the bis(THP ether) compounds of 50 

Example 45 are hydrolyzed and chromatographed to yieW the title compounds. 

EXAMPLE 47 2 -Decartwxy- 2 -hydroxy methyl- 1 9-hydroxy- 1 9-methyl-PGE, and its (1 5R) Epimer. 
(Formula CCLXXI). 

( Refer to Chart 46. There are first prepared the formula-CCLXIX monosilyl compounds. The 
55 foffnuia-CCLXVII bis(THP ether) compounds (Example 45. 1.88 g.) in 1 8 ml. of dimethyiformamide are 55 
treated at 0**C with imidazole (0.332 g.) and t-butyWimethylsilyl chlorWe (0.529 g.l After 40 min. ihere 
IS added ice-water (200 ml.) and ether (200 ml.) and the layers are separated. The organic phase Is 
washed with water, dried, and concentrated. The residue is chromatographed on a Hfi£ column. 
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•luting with •thyt »c«Ut«-Skellvsolv« B (2:3) to yield the mixed formula -CCLXIX monoeilyl compounds. 
1 .8 g., having R, 0 J7 (TLC on silica gel In acetone-methylene chloride ( 1 :6)). 

H. The atwve compounds are oxidized with Collins reagent prepared from pyridine (3.05 g.) in 85 
ml. of methylene chloride and chromic anhydride 1 1 .93 g.). The above compounds ( 1 .8 gj in 40 ml. of 
5 methylene chloride ere added dropwise over 8 min. to the reagent at O^C. Thereafter the mixture is 5 
stirred at about 25*'C. for one hr.. diluted with ether and filtered. The filtrate is concentrated to yield the 
title compounds as their 1 -silyl. 11.1 5-bis(THP ether) derivatives of formula CCLXX. The blocking 
groups are replaced by hydrolysis in 66 ml. of acetic actd-weter-tetrahydrofuran (20:10:3) at about 
25^C. for 1 6 hr. and finally at about 40*>C. for 4 hr. The products are separated by HPLC 

1 0 chromatography, etuting with acetone-methylene chloride (1 : 1 ) to yield the ( 1 5R) compound. 0.332 g.. i o 
having R| 0.20 (in acetone-methylene chloride (2:1)) NMR pealcs at 5.88 — 5.08. 4.483.36. 3^0 — ^2.84. 
2.78—1.35, and 1.206. infrared absorption at 3450. 2950. 1730. 1360. 1230. 1 150. 1060. 1040. 
965. 920. 840. 820. and 760 cm'V and mass spectral lines at 641.566. 551. 483. 476. 393. 339. and 
1 3 1 . The (1 5S) compound. 0.4 1 7 g.. has R^ 0. 1 3. NMR peaks at 5.98—5.03. 4.66—3.2 1 . 3.04 — 1 .33 

1 5 and 1 .20 6, arul infrared and mass spectral properties similar to those of the ( 1 5R) compourxj. 1 5 

EXAMPLE 48 2-Decart>oxy-2-hydrDxymeihyi- 1 9-riydroxy-1 9-methyl-PGE, and its ( 1 5R) Epimers. 

Foliowir>g the procedures of Examples 45 and 47, the mixed 1 5-epimers of 19-hydroxy-19- 
methyl-PGF,a. methyl ester, as their 1 1 .1 5-bi8(THP ethers) (Example 41 — 1 , 0.726 g.) are reduced first 
to their 2-decart>oxY-2-hydroxymethyi counterparts. There are next prepared the corresponding mono- 

20 silyl bis(THP ether) compounds, which are oxidized with Collins reagent to form the PGE compounds. 20 
Finally, the blocking groups are replaced by hydrolysis to yield the title compounds. The ( 1 5R) 
compound. 0.1 30 g.. has R, 0.35 (TLC on silica gel in acetone-methylene chloride (1:1 )). NMR peaks at 
5.84 — 5.29. 4.83—3.05. 2.95 — 1 .96. and 1.1 7 6. infrared absorption at 3400. 2950. 1 740. 1480. 
1 370. 1 230. 1 1 50. 1 070. 970. 900. and 765 cm'V and high resolution mass spectral peak at 

25 643.4037. The ( 1 5S) compound. 0. 1 1 5 g.. has R| 0.26. NMR peaks at 5.82—5.26. 4.92—3.03. 25 
2.93 — 1 .25, and 1.15 6. and infrared at>sorption similar to the 1 5(R) compourxJ. 
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TABLE 

DEFINITION OF TERMS FOR FORMULAS 

A is 

alky! of one to 4 carbon atoms, inclueive, phenyl, phenyl substituted with one to 2 fluoro. cMoro, or 
5 alkyi of one to 4 cartxKi atoms, inclusive, or aralkyi of 7 to 1 2 cartxtn atoms, indushw. the A group* 5 
being the same or different. 



Dis 

( 1 ) cis-CH=CH— CH,— (CH,;,— CH,— 

(2) cis-CH=CH— CH,— <CH,),— CF,— 

10 (3) cis-CH,— CH=CH— CH,— CH,— 10 

(4) trans-ICHj),— CH=CH— 

(5) — <CH,),— <CH,),— CH,— 

(6) — {CH,),— CH,— CF,— 

(7) — <CH,),— 0— CH,— 

15 (8) — ICH,),— O— <CH,),— IS 
(9) — CHj— O— (CH,),— 
{101 



(11) 



-0-CH2. 



wherein g is zero, one* two* or three. 
20 Hal is 20 
chloro. bromo, or iodo. 

Qts 

R, OH or OH 

wherein R« is hydrogen or alkyI of one to 4 carbon atontt. inclusive. 

25 Q, is 25 

Rf OR,, or R, R,, 

wherein R, is hydrogen or alkyI of one to 4 cart>on atoms* inclusive and R,, is a blockirtg group M 

defined below. 

is 

30 R, OH or R, OH 30 

wherein R, is alky I of one to 4 cartx>n atoma. irtcluaive. 

is 

35 <3) — CH,N(R,)(R,) 35 



(1) 


— COOR, 


(2) 


— CHjOH 


(3) 


— CH,N(R,)(R,) 


14) 


0 




11 

— C— N(R,)(R,) 


(5) 


0 




II 

— C— NH— SO,— R 






(6) 


< ' 







wherein R, is (a) hydrogen, (b) aikyi of one to 1 2 carbon atonna. Incluatve* (c) cydoaflcyl of 3 ID 10 
40 cart>on atoms* inclusive* (d) aralkyt of 7 to 1 2 carbon atonta, IncKiaive* (e) phenyl (f) phenyl 

substituted with one. 2, or 3 chloro or attcyl gfoupa of one to 3 cafbon atoma. Indualve: 
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(g) 



(h) 



(i) 



U) 



(k) 



(0 



(m) 



,.^~^NH-C^^~^NH-C-CH3 , 
^ ^-NH-C-NH2, 




o 

wherein R„ is phenyl, p-bromophenyl. p-biph«nylyl, p-nltrophenyl. p-benzamidophenyt« or 

10 2-naphthyl, or 

(o) a pharmacologically acceptable cation: wherein R^ and R, are hydrogen, alkyl of one to 
1 2 cart>on atonns. inclusive, benzyl, or phenyl, tieing the same or different and wherein R,, 
is hydrogen, alkyl of one to 1 2 cart>on atoms, inclusive, phenyl, phenyl substituted with one, 2, 
or 3 chloro or alkyl groups of one to 3 cartx>n atoms, inclusive, or phenyl substituted with 

1 5 hydroxycarbortyl or alkoxycarbonyl of one to 4 cartx>n atoms, inclusive 



R, is 



15 



20 



hydrogen, hydroxyl. or hydroxymethyl. 
Rj and R^ are 

hydrogen, alkyl of one to 4 cartx)n atoms, inclusive, or fluoro. being the same or different, with the 
20 proviso that one of R, and R4 is fluoro only when the other is hydrogen or fluoro. 

Rs *s 

hydrogen or stkyl of one to 4 cartx>n atoms, inclusive. 

R, IS 

<a) hydrogen, (b) alkyl of one to 1 2 cartx>n atoms, indush/e. (c) cycloalkyi of 3 to 10 carbon atoms, 
25 inclusive, (d) aralkyi of 7 to 1 2 cadxm atoms, inclusive, (e) phenyl, (f> phenyl substituted with one. 

2 . or 3 chloro or alkyl groups of one to 3 cartwn atoms, inclusive; 25 
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(8) 



(h) 



(i) 



Ij) 



H(ryHHJ^Q>-NHj.CH3, 



-(/ \)-CH-H-HH-C- 




(m) 



(nl — -CHj- 



O 



wherein R„ is phenyl, p-bromophenyl, p-biphenytyl, p-nltrophenyK H>*n2amidophenyl, or 2- 
0 naphthyl. or 10 

(o) a pharmacologically acceptable cation, 
and R, are 

hydrogen, alkyi of one to 1 2 carbon atoms, inclusive, benzyl, or phenyl, being the sanoe or 
different. 

15 R, is 15 
alkyt of one to 4 carbon atoms, inclusive. 
R^^and R^, are 

hydrogen or fluoro. 

R„is 

20 alkyI of one to 1 2 carbon aotms. inclustve. 20 

R„is 

hydrogen. — OR,^ or — CH,OR||. wherein R,, Is a blocking group defir>ed below. 

R„ is 

hydrogen. — OR,^ or — CH^ORfg, wvherein R,g is a carboxyacyl bkKkIng group defflMd b^km. 
25 R,,is 25 
a blocking group including tetrahydropyranyt, tetrahydrofurartyl. or a group off the fbrmuta 

H 



R,, — 0 — C C — Rj4 

I 



R, 



wherein R,, is alkyI of one to 1 8 cartx>n atoms. irKlusive. cycloelkyi of 3 to 10 ceibon atovm. 

inclusive, aralkyi of 7 to 1 2 carbon atoms, inckishre. phenyl, or phenyl substituted wfth one, 2 or 
30 3 alkyt of one to 4 cartx>n atoms, inclusive, wherein R,, and R,, are the same or iH ltet wit , baing 30 

hydrogen, alkyi of one to 4 carbon atoms, inclusive, phenyl or phenyl substit u ted wMi one. 2 or 3 

alkyi of one to 4 carbon atoms, inchisivt. or when R^i and Rt) are tikan togathor, -HCHp»— or 

— <CH,)^— O— (CH,),— wherein a is 3. 4. or S. b Is or>a. 2. or 3. and c la ooa. 2. or 3 wWi Wm 

proviso that b plus c is 2. 3, or 4. and wherein R,^ Is hydkogan or phenyt. 
35 R,i»s 35 

hydrogen or methyl. 
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R„is 

hydrocartoyl of on« to 1 8 carbon atoms, inclusive. 



R„ is 



carboxyacyl including 

wherein *T" is alKyl of one to 4 cartoon atoms, inclusive, bromo. phenytalkyf of 7 to 10 carbon 
atoms, inclusive, or nitro. and "e" is zero to 5. inclusive, provided tfiat not more than two Ts 
are other than alkyl. and that the total number of carbon atoms in the Ts does rK>t exceed 10 

carbon atoms. 

wherein R,^ is aikyi of one to 4 cartjon atoms, inclusive, 
(c) 

wherein T and ' e" are as defined above, or 

(d) 0 

i' 

C Rjj 

1 5 wherein is hydrogen, alkyl of one to 1 9 cart>on atoms, inclusive, or alkyl of 7 to 1 2 carbon ^ 5 

atoms, inclusive, wherein alkyl or aralkyi are substituted with zero to 3 halo atoms. 




R„ is 



the same as R, but with the proviso that R,. is not — COOH or — COOR„ wherein R„ is alkyl of 
one to 1 2 cartxjn atoms, inclusive, when (A) R, is hydroxy, Rj and R4 are hydrogen, Q ts 



R„is 



0 is cis-CH=rCH— CH,— (CH,),— CH,— and X is trans-CH=CH— . 



H OH. 



Rj M hydroxy. R, and R^ are hydrogen. W is 



20 



20 H OH Wis 0 or H OH. 

II V 

and either (1)0 is ,^ , . 

cis-CH=CH— CH,— <CH,),— CH,— and X is trans-CH-CH— , or (2) 0 is — (CH^,— <CH,»,— CH,- 
and X is tran8-CH=CH— or — CH,CH,— . (B) R,. R,, and R4 are hydrogen. W is 

O H OH. or H OH. 

II' v y 

25 D is — <CH,),— <CH,),— CH,— . and X is trans-CH=.CH— . or (C) R,. R,. and R, are hydrogen. Q is 25 

/n 

H OH. 

Wis 0 



the same as R, but with the proviso that R„ is not —COOH or — COOR„ wherein R„ is alkyl of 
30 one to 1 2 carbon atoms, inclusive, when 0 is 30 



and etther ( 1) 0 it cis-CH=CH— CH,— <CH,)g— CH,— and X is trans-CH^^CH— . or (2) 0 Is 
25 — ^CH,)f-^CH,),— CH^ and X is — CH,CH,— 3B 
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R is 

alky I of one to 1 8 carbon atoms, inclutive. cycloalkyt of 3 to 1 0 cart>on atoms, mduaiva, araNcyl d 
7 to 1 2 carbon atoms, inclusive, phenyl, or phenyl substituted with one. 2, or 3 aHcy* of of>e to 4 
carbon atoms, inclusive. 

5 Rj, and Rjj are o * 

hydrogen, alkyi of one to 4 cartXHi atoms, inclusive, phenyl or phenyl substituted with one. 2. or 3 
alkyi of one to 4 cartx>n atoms, industve, being the same or different, or, when ff^„ and R« are 
taken together, — (CH,).— or —jCHj).,— O— (CH,)^— wherein, a is 3, 4, or 5. b is one, 2, or 3. and 
c is one. 2, or 3 with the proviso that b plus c is 2. 3. or 4. 
10 R24is 10 
hydrogen or phenyl. 

Rj5 is . , 

hydrogen, alkyi of one to 1 9 carbon atoms, inclusive, or aralkyi of 7 to 1 2 carbon atoms, inclusive, 
wherein alkyi or aralkyt are substituted with zero to 3 halo atoms. 
15 Rjgis 15 
alkyi of one to 3 cartx>n atoms, inclusive. 



R„ is 



R„ is 



alkyt of one to 4 cart)on atoms, inclusive. 



20 " phenyl, p-bromophenyl, p-b^henytyl. p-nttrophenyl. p-benzamidophenyl, or 2-naphthyl. 20 



is 



hydrogen, alkyi of one to 1 2 cart>on atoms, inclusive, aralkyi of 7 to 1 2 cartxxi atoms, kidush/e. 
phenyl, phenyl substituted with one. 2. or 3 chloro or atkyi groups of one to 3 cartxm atoma. 
inclusive, or phenyl substituted with hydroxycart>onyl or alkoxycart>onyl in which the aHuxxy gioup 
2 5 consists of one to 4 cartXHi atoms. Inclusive. 25 



R30 is 



alkyi of one to 1 0 carbon atoms, indush/e, aratkyi of 7 to 1 2 carbon atoms, indusiye. pKanyl or 
phenyl substituted with one or 2 chtoro or alkyi groups of one to 3 cartXKi atoms, incluaive. 

30 R,,R,t.orRj^ 30 

Rjj is 

— CH=CH, or — C<CH,) (OHh-CH, when R,, is R,, 

— CHIOH) — CH, when R„ is R,t* or — CO— CH, when R3, is 

(T), is 

3 5 alkyi of one to 4 cartxKi atoms, inclusive, phenylalkyi of 7 to 1 0 carbon atoms, inctush^, or 35 
nitro. ar>d e is zero to 5. inclusive provided ttiat not more than two Ts are other ttian 
atkyI, and that the total number of carbon atoms In the Ts does not exceed 10 cart>on 

atoms. 
THP is 

40 tetrahydropyrBn-2-yl. 40 
Wis 

0,CH,,H OH. H OH. 

II II ^ \y 

W is 

H OH or H OH 

45 Wis u « eiA» 



H O— SKA), or H 0— Si(A), 



wherein A it at defined above. 

W" it 



CH,-:h2 ,CH^ M oh. or H OH. 

i 0 II 



Xis 

50 cis- or trans-CH«CH— , — C«C— . or — CH,CH,— . ^ 

a is 

3, 4. or 5. 

bis 

one, 2, or 3. 

56 CIS M 
one, 2. or 3 with the provieo thst b phiS c la 2. 3. or 4. 

SIS 

lero, one, 2, 3, 4, or 6. 
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g IS 

zero. one. 2. or 3. 

i »s 

one, 2. or 3. 

P is , . 

one. 2. or 3 with the proviso that j plus p is 4. 



10 



CLAIMS 

1 . A compound of the formula 

u 

I 

Ra n I 

Q R^ 

wherein D is ^0 

( 1 ) c/s-CH=CH— CHj— (CHj),— CH2— . 

(2) c/s-CH=CH— CHj— (CHj),— CF,— , 

(3) c/s— CHj— CH=CH— CHj— CHj— . 

(4) frans-(CHj)3— CH=CH— . 

15 (51 — (CHj)3— (CH,),— CH,— . 15 

(6) — (CH,)3— CH,— CF,— , 

(7) — (CHj),— . 

(8) — (CHjlj— O— (CHjlj— . 

(9) — CH,— O— (CH^Ij— . 

20 (10) — W3— {CH,)j— or 20 
(11)— W3— O— CHj 

in which Wj is 1 ,3-phenvlene and g is one, 2 or 3; Q is a-OH'.^H, a-^:^H,, a-H:/W)H or a- 

R, is hydrogen, hydroxvl or hydroxy methyl; R, and R4 are independently selected from hydrogen. C,.^ 
25 alkyi and fluorine, provided that — CR3R4 — is not — CFAIkyI-; 25 
W is 0x0. methylene. r»-OH:^-H or a-H:^-OH; 



R3, is (D— COOR, 

(2) — CHjOH 

(3) —CHj— NR,R, 

30 (4) — CO— NR,R, 30 

(5) — CO— NH— COO— R„ or 

(6) 5-tetra20lyl 

in which R, is hydrogen. C,_,j alkyl. C,_,o cycloalkyl. C,_,j aralkyl. phenyl, phenyl substituted one 
to 3 times by chlorine atoms or C,., alkyl radicals. — — CO — CHj. 
35 — W4— NH— CO— W,— NH— CO— CH,.— W4— NH— CO— Ph.— W4— NH— CO— CH,, 35 
_W^— NH— CO— NH,. — W,— CH=N— NH— CO— NH,. 2-naphthyl, ^H,— CO— Ph. 
_CH,— CO— W4— Br. — CH,— CO— W4— Ph. -^H,— CO— W4— NO,. 

— CH,— CO— W4— NH— CO — Ph. <2-naphthyl>cartx>nylmethyl or a pharmacoloQically acceptable 
cation. being 1 ,4-phenylene and Ph being phenyl; R, and Rg are independently selected from 
40 hydrogen. C, „ alkyl. benzyl and phenyl: and R„ ia hydrogen. C,_„ alkyl. pHenyl. phenyl substituted 40 
one to 3 times t>y chk>rine atoms or C, , alkyl radicals, hydroxycarbonylphenyl or 

(C, 4 alkoxy)cartx>nylphenyl; 

X is c/5-CH=CH— . fr*n5-CH=CH. -^mC— or — CH,CH,— : and 

R„ is - ^H-CH,. — C(CH3),|0H), — CH<OH)— CH3 or — CO— CH,, with the provisos that R„ is only 
45 — CH{OH)— CH, when R„ is R„ as defined herein and that R^ is only — CO— CH, when R,, is R^ M 4$ 
defined herein. 

2. A compound according to claim 1 . selected from the group consisting of: 

19.20-Oidehydro-PGF,a. methyl ester. 

15(R)-19.20-Didehydro-PGF,a. methyl ether. 
50 2-Oecarboxy-2 hydroxymethyM9.20-didehydro-PGF,ti. SO 

2-Oecarboxy-2-hydroxymethyl- 1 1 -deoxy- 1 9.20-didehydro-PGF,a. 

2-Oecarboxv-2-hydfoxymethy!- 1 1 -deoxy- 1 1 / i-hydroxymethyl- 1 9.20-didehvdfO*PGF,*t. 

2-Decart>oxy-2 hydroxymethyl- 1 9.20-didehydro-PGFj/J. 

2-Decartx>xy'2'hydroxymethyl- 1 1 deoxy- 19.20-didehydro-PGF^. 
55 2-Dec8rboxy-2-hydroxymethyl- 1 1 -deoxy- 1 1 rthydroxymethyl*! 9,20-dtdehydro*PGf ^. Bft 

20ecart>oxy-2-h/droxymethyl-19.20-didehydrO'POE,. 
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2 Oacarboxy-2-hvdroxymethyM 1 -dftO)cy-19.20-did«hvdro-PGE2. 

2-Oecarboxy-2-hydroxymethyl-1 1 -d«oi(y-11a-hydro)cym«thyl-19.20-did«hydro-FGE2. 

2 • Decarboxy- 2 -hydroxy methyt-9-deoxo-9-m6thylen«- 1 9 JO-didehydro-PGEj, 

2-Oecarboxy-2-hydroxymethyl'9-deoxo-9-methylene-1 1 -draxy*1 9,20-didehydro-raE2. 
5 2-0ecarboxy-2-hydroxymethyl-9-deoxO'9-methylene-1 1 -deoxy-1 lo-hydrojtyfnethyl-19^0- S 

didehydro-PGE,. 

2 Oecart>oxy-2-hydroxymethyl-4,5.19,20-tetradehydro-PGF,a, 

2-0ecarboxv-2-hydroxymathyl-4.5.19,20-tetradehydro-15(S)-15-methyl-PGF,/t. 

2 -Decarboxy-2-hydroxymethyl-4.5. 1 3. 1 4, 1 9 JO-haxadehydro-PGF,*!. 
1 0 2 -Decarboxv-2-hydroxymethyl-4,5, 1 3, 1 4, 1 9,20-hexadehydro- 1 6. 1 6-difluofO-PGF,f». |0 

2 Decarboxv-2-hydfoxyniethvl-4,5. 1 9,20-tetr8dehydro-1 1 -deoxy-PGFO,a. 

2-Decarboxy-2-hydroxymethy(-4.5, 1 9.20-telrad6hydro- 1 1 -deoxy-1 5(S>-1 S-methyl-PGF,/*. 

2-Decarboxy-2-hydroxymethyl-4,5. 1 3 J 4. 1 9,20-hex8dehydro- 1 1 -deoxy-PGF,a, 

2 -Decarboxv-2 -hydroxymethyl -4,5.13,14.1 9.20-hexadehydfo- 1 1 -deoxy- 1 6,1 6-difluoro-PGF,a. 
1 5 2-Decarboxy-2-hydroxymethyl-4.5.19-20-tetradehydro-1 1-deoxy-1 l/i-hydroxymethyl-PGF,/!, 15 

2-Decarboxv-2-hydroxymethyl-4.5. 1 9,20-tetradehydro- 1 1 -deoxy-1 1 a-hydroxymethyl- 1 5(S)-1 5- 
methyl-PGF,/*, 

2-Decarboxy-2-hydroxymethyl-4.5. 1 3. 1 4, 1 9,20-hexadehydro- 1 1 -deoxy- 1 1 a -hydroxymethyl- 

16,16-difluoro-PGF,a. 

20 2-Decarboxy-2-hydroxymethyl-4.5.1 9,20-tetr8dehydro-PGF,a. 20 

2-Decarboxv-2-hydroxymethyi-4.5 J 9.20-tetradehydro-1 5(S)-1 5-methyl-PGF,/3. 

2 -Decarboxy-2 -hydroxymethyl-4,5. 13.14,1 9.20-hexadehydro-PGF 

2 -Decarboxy-2 -hydroxymethyl-4,5, 13.14.1 9.20-hexadehydro- 1 6. 1 6-difluoro-PGF,^, 

2 -Decarboxy-2"hydroxymethyU4.5. 1 9.20-tetradehydro- 1 1 -deoxy-PGF,^, 
25 2 -Decarboxy-2-hydroxymethyl-4.5. 1 9,20-tetradehydro- 1 1 -deoxy- 1 5(S)- 1 5-methyl-PGF,^. 25 

2 -Decarboxy-2 -hydroxymethyl-4,5 J 3. 14.1 9.20-hexadehydro- 1 1-deoxy-PGF,^. 

2 -Decarboxy-2 -hydroxymethyl -4, 5. 13.14.1 9.20-hexadehydro- 1 1 -deoxy- 1 6,1 6-difluoro-PGF,^. 

2-Decarboxy-2-hydroxymethyt-4,5.1 9.20-tetradehydro-1 1 -deoxy-l la-hydroxymethyl-PGF,^. 

2 -Decarboxy-2 -hydroxymethyl-4,5, 1 9.20-tetradehydro- 1 1 -deoxy- 1 1 a-hydroxymethyl- 1 5(S)- 1 5- 
30 methvl-PGF,/J, 3O 

2-Decarboxy-2 -hydroxym«thyl-4.5, 13.14.1 9,20-hexedehydro- 1 1 -deoxy- 1 1 ^-hydroxymethyl- 
PGF,3. 

2 -Decarboxy-2 -hydroxymethyl-4,5, 13.14.1 9,20-hexadehydro- 1 1 -deoxy- 1 1 a-hydroxymethyl- 

16,16-difluoro-PGF,/J. 

35 2-Decarboxy-2-hydroxymethyl-4,5, 1 9.20-tetradehydro-PGEf . 35 

2-Decart>oxy-2-hydroxymethyl-4 5 1 9.20-tetradehydro- 1 5(S)-1 5*methyl-PGE,. 

2 -Decarboxy-2-hydroxymethyl-4.5, 1 3, 1 4, 1 9,20-hexadehydro-PGE,. 

2 -DecarboxY-2 -hydroxymethyl-4,5. 13.14,1 9.20-hexedehydro- 16.1 6-difluoro-PGE,. 

2 -Decarboxy-2 -hydroxymethyl-4.5, 1 9,20-tetradehydro-l 1 -deoxy-PGE,. 
40 2 -Decarboxy-2-hydroxymethyl-4,5. 1 9.20-tetradehydro- 1 1 -deoxy- 1 5(S)- 1 5-methyl-PGE,. 40 

2-Decarboxy-2-hydroxymethyl-4.5,13,14.19iO-hexadehydro-l 1-deoxy-PGE,, 

2 -Decarboxy-2 -hydroxymethyl-4.5, 13.14,1 9.20-hexadehydro- 1 1 -deoxy- 1 6. 1 6-d*ifluoro-PGE,. 

2 -Decarboxy-2 -hydroxymethyl-4,5. 1 9.20-tetradehydro- 1 1 -deoxy- 1 1 a-hydroxymethyl-PGE,. 

2 -Decarboxv-2 -hvdroxymethyl.4.5. 1 9.20-tetradehydro- 1 1 -deoxy- 1 1 rt-hydroxymethyl- 1 5(S>-1 5- 
45 methyl PGE,. 

2-0ecarboxy-2-hvdroxymethyl-4.5. 13.14.1 9,20-hexadehydro- 1 1 -deoxy- 1 1 ir-hydroxymethyl- 

PGE„ 

2-Decart>oxy-2-hydroxymethyl-4,5. 1 3. 1 4.1 9.20-hexadehydro- 1 1 -deoxy-1 lf»-hydroxymethyl- 

le.ia-drfluoro-PGE,. 

50 2-Decarboxy-2-hydroxymethy|.4,5. 1 9.20-tetradehydro-9-deoxo-9-methytene-PGE,. 50 
2 Decarboxy-2 -hydroxymethyl-4.5. 1 9.20-tetradehydro-9-deoxo-9-methylene- 1 5(S)- 1 5-methyl- 

PGE,. 

2-0ecarboxy-2-hydroxymethy|.4,5. 1 3,1 4. 19.20-hexadehydro-9-deoxo-9-methytene-PGE,. 
2 -Oecarboxy-2 -hydroxymethyl-4.5. 13.14.1 9.20-hexadehydfo-9-deoxo-9-methyl«ne- 1 6. 1 6- 

55 difluoro-PGE,, 

2 -0ecarboxy-2-hvdroxymethyl-4,5. 1 9.20-tetradehydro-9-deoxo-9-methyiene- 1 1 -deoxy-PGE,. 
2 -Oecarboxy-2 -hydroxymethyl-4.5. 1 9.20-tetradehydro-9-deoxo-9-methy«er>e- 1 5(S)- 1 6-methyt- 

PGE, 

2 Decarboxv-2 -hydfoxymethyl-4.5. 13.14.1 9,20 hexadehydro-9-deoxo-9-methYlene- 1 1 - 

60 PGE,^ ^ 

2 Oecarboxv-2 hydroxy mechyl-4, 5. 13.14,1 9.20-nexadehydro-3-deoxo*-3-m«inylene- 1 1 - 
16 16-difluoro-PGE,, 

2 Decarboxv-2 hydroxymethyl -4 5 1 9 20-teiradehydro-9-deoxo-9-methylef>e- 1 1 -deoxy- 1 1 a- 

hydrowymethyl PGE,, 
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2-DecarboxY-2-hYdroxvmathvl-4.5, 1 9,20-t«tr»dehvdro-9-deoxo-9-methylene-l 1 -daOKy-l 1 
hydfoxymethyl-l 5(S)-1 5-mathyl-PGE,, 

2-0ecarboxy-2-hydroJcvmethyM.5. 1 3. 1 4, 1 9,2O-h«x»dahvdr<>-9-<leoxo-9-m0tM«n*-1 ' -d^oxf- 

1 1 a-hydroxymethyl-PGEi, 

5 2-0ecarboxy-2-hydroxymathyl-4,5.13J4J9,20-haxadahydro-9-daoxo-9-mat^^ 5 

1 1 a-hydroxymethyl-l 6,1 6-dtflooro-PGE,, 

2 -Decarboxy-2-hydroxymathyl-2.3, 1 9^ O-tatradahydro-PGFia, 
2-Decafboxy-2-hvdfDxvmathyl-2,3J 9^0-tatradahydro-1 6,1 6-difluoro-PGF,a. 
2-Decarboxy-2-hvdroxymathy1-2.3,19^0-tatradahydro-l 5(S)-1 5-mathyl-PGF,a. 
1 0 2-Decarboxy-2-hydroxymethyl-2,3, 1 9^ O-tatradahydfO-l 1 -daoxy-PGF^a, 10 
2-Decarboxy-2-hydroxymathyl-2,3, 1 9.20-tatradahvdro-1 1 -daoxy-l 6,1 6-dHluorc>-PGF,ir, 
2-Decarboxy-2-hydroxymathyl-2.3, 1 9,20-tatradahydro-l 1 -daoxy-1 5IS)-1 6-methyl-PGF,€». 
2-Decarboxy-2-hydroxymathyl-2,3J9,20-tatradehydro-1 l-daoxy-l la-hy^ 
2-Decarboxy-2-hydroxymathyl-2.3.19,20-tatradahydro-1 1 -daoxy-1 1a-hydroicymathy»- 16. IB- 
IS difluoro-PGF,a. ^^^^^ _ ^5 
2 Oecarboxy-2-hydroKymathyl-2.3.19,20-tatradahydro-1 1-daoxy-1 1^ 

methyl-PGF,a. 

2-Decarboxv-2-hydroxymathyl-2,3,19^0-tatradehydro-PGF,^, 
2-OecarboxY-2-hydroxvmathyl-2,3, 1 9^0-tatradahydro-1 6.1 6-dmuoro-PGF^, 

20 2-Decarboxy.2-hydroxymathyl-2.3, 1 9,20-tatradahydro-l 5(S)-mathyl-PGF,^. 20 
2 -Oecarboxy-2 -hydroxymathy|.2,3, 1 920-tatradahydro- 1 1 -daoxy-PGf 
2-Oecartx)xy-2-hydroxymathyl-2,3,1 9,20-tatradahydro-1 1 -daoxy-16,1 6-difluoro-PGF,p. 
2-Decarboxy-2-hvdroxymathyl-2.3. 1 9,20-tatradahydro-l 1 -daoxy-1 5(S>-1 S-mathyl-PGF^, 
2-Decartx)xy-2-hydroxymathyl-2,3.19,20-tatradahydro-1 1-daoxy-1 1a-hydrox^^ 

25 2-Decart)Oxy-2-hydroxymathyl-2,3, 1 9,20-tatradahydro-1 1 -daoxy-1 1 a-hydroxymathyl-1 6.1 6- 25 
difluofO-PGF,^, 

2-Decart>oxy-2-hydroxymathyl-2,3,19,20-tatradahydro-1 1-daoxy-l 1 ar-hydroxyfn«thv^-^5^S^-^6- 
methvl-PGF,^, 

2-Dacarboxy-2-hydroxymathyl-2,3. 1 9.2a-tatrBdahydro-PGE 
30 2-Dacart>oxy-2-hydroxymathyl-2,3, 1 9.20-tatradahydro-l 6.1 6-difluoro-PGE,. 30 

2-Dacartx)xy-2-hvdroxymathyl-2,3.1 9.20-tatiwiahvda>-1 5(S^1 5-math^ 

2-Dacart)oxy.2-hydroxymathy».2.3.1 9.20-tatradahydro-l 1 -daoxy-PGE,. 

2-Dacarboxy-2-hydroxymathyt-2 ,3. 1 9.20-tatradahvdro- 1 1 -daoxy- 1 6, 1 8-dHluofO-PGE,. 

2-Dacart)oxy-2-hydroxvmathyl-2.3.19.20-tatradahvdro-1 l-daoxy-l 5(S>-15-mattivl-PGE,. 
35 2-Dacaft>oxy.2-hydit)xymethvl-2,3.19.20-tatradahydro-1 l-daoxy-n 35 

2-Dacart)oxy-2-hydroxymethyi-2,3.19.20-tatradahydro-1 1 -daoxy-1 la-hydroxymalhyl- 16.1 6- 
drfluoro-PGE,, 

2-Dacart>oxy-2-hvdroxymathy^2.3.1 9.20-tatiwiahydro-l 1 -daoxy-1 ^ 
mathyl-PGE,, 

40 2-Oacarboxy-2-hydroxymathyl-2.3. 1 9 J0-tatradahydro-9-daoxo-9-mathvlana-PGEv 40 
2-Oacartxwy-2-hvdfoxymathy*-2,3. 1 9.20-tatradahvdit>-9-daoxo-9-mathylana-1 6.1 6-difkioro- 

PGE„ 

2-Dacart)oxy-2-hydroxymathyl-2.3, 1 9.20-tatradahydro-9-daoxo-9-mathylana-1 6(S)-1 5-inattiyl- 

PGE,. 

45 2-C)acaft)oxy.2-hydroxymathyi-2,3J9JO-tatradahydro-9-daoxo-9-mat 1 -daoacy-PGE,. 4s 

2-C)acartx)xy-2-hydroxymatM-2.3.19J0-tatfadahydit>-9-daoxo-9-m 

diffuofO-PGE,. 

2 -Oacartooxy-2 -hydroxymathy1-2 .3 . 1 9.20-tatradahvdro-9-daoxo-9-mathytana- 1 1 -daoxy- 1 B{Sh 

1 5-mathvl-PGE,. 

50 2-Dacarboxy-2-hydroxymathyl-2,3.1 9.20-tati^ahydro-9-daoxa-9-mathy«ana-1 1-daOMy-1 la- SO 

hydroxymathy»-PGE,. 

2-Dacafboxy-2-hvdroxymathyl-2.3 J 9.20-tatradahydit>-9-daoxo-9-mathy»^ l-daoiqf-l la- 

hydroxy mathyl- 1 8. 1 6-diflooro-PGE,. 

2-0acafboxy-2-hvdroxymathyi-2.3.1 9.20-tatradahydro-9-daoxQ-9-mathvlana-1 1 -daoxy-l 1 a- 
55 hydroxymathyl-15(S)-15-mathyi-PGE,, 66 

2-Oacart>oxy-2-hydroxymathyi- 1 9 JO-didahydro-PGF,a. 

2-Oacartx>xv-2-hydfOxyfnathvl- 1 8. 1 8-dimathyl-1 9.20-dWahydro-PGF,a. 

2-Oacart>oxy-2-hydroxymathyf- 1 6.1 6-difhjoro- 1 9,20-didahydfo-PGF,a. 

2 □acartooxy-2-hvdn>xymathy^ 1 3. 1 4-dlhydro- 1 9.20HlWahv^ 
80 2-Dacartx>xv-2-hvdroxymathvt-11'daoxy-19.20-didahydro-P6F,er. I 

2 -Dacafboxy-2-hydfOxymathyl- 1 1 -daoxy- 1 6, 1 B-dlmathyl- 1 9^0-didahvdro-PQF,a. 

2 •Dacarboxy-2hydrDxymathyl' 1 1 ^daoxy* 1 8. 1 B-dHluoro- 1 9.20-dWatYvtlro*FQF,a. 

2 -Oacartxniy-2 -hydroxymathy^ 1 1 -daoxy- 1 3. 1 4-dihydrt>- 1 9^0-d^^ 

2 Dacarboxy- 2 -hydfOxymathyJ- 1 1 -daoxy- 1 1 a-trydroxymathyt* 1 9^ O-dWahyrtro-POf 
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2 -Oecarbo)(v-2 -hydroxymethyl- 1 1 -deoxy- 1 1 ^r-hydroxymathyl- 1 6. 1 e-dimethyl- 1 9,20*dictohvdro- 
2 -Decarboxy-2-hydroxym«thyl- 1 1 -deoxy- 1 1 f»-hydroxym«thyl- 16.1 6-diflooro- 1 9,20-dktohydro- 

5 2-Decart>oxy-2-hydTOxymethyl-1 l-deoxy-l IfT-hydroxymethy^^ 6 

didehydro-PGF,a. 

2-Decart)oxy-2-hydroxym6thyl-19,20-<Ud«hydfO-PGFiP. 
2-Decarboxy-2-hydroxymethyt- 1 6, 1 6*dlm«thyt- 1 9^0-didehydro-PGF,/), 
2-06carboxy-2-hydroxymethyl- 1 6. 1 6-dmuoro- 1 9^0-did«hydro-PGF|/K 
1 0 2-Decarbo)cy-2-hydroxymathyl-1 3.14-dlhvdro-19,20-didehydro-PGFji^, 10 
2-Decarboxy-2-hydroxymethyl- 1 1 -daoxy-l 9^0-dldehydro-PGF,rt, 
2-Decartx)Jcy-2-hydroxymethyl- 1 1 -daoxy- 1 6, 1 6-dimethyl- 1 9,20-didehydro-PGF,/). 
2-Decart>OKy-2-hyd^oxym•thy^ 1 6, 1 6-difluoro-1 9^0-did«hydro-PGF,;5, 
2-Decarboxy-2-hydroxymethy»- 1 1 -deoxy- 1 3. 1 4-dihydro- 1 9^0-didehydro-PGF,/(. 

1 5 2 -Decart)oxy-2-hydroxymethyl- 1 1 -deoxy- 1 1 a-hydroxymethyl- 1 9.20-did«hydro-PGF,/}. 1 5 

2-Decarboxv-2-hydroxymeth>i-1 1-d60xy-1 1a4>vdroxymethyl-16J6-dlmethyh 

PGF,;j. 

2 -Decarboxv-2-hydroxymethyl- 1 1 Ki«oxy- 1 1 a^iydroxymcthyl- 1 6, 1 6-difluoro- 1 9^0-^ 

PGF,^. 

20 2-DecarboxY-2-hydroxymethy1- 1 1 -deoxy- 1 1 a-hydroxymethyl- 13,1 4-dihydro- 1 9,20-didehydfo- 20 

PGF,/J. 

2-Oecartx>xy*2-hydroxymethyl- 1 9.20-didehydro-PGE,. 

2 -Decarboxy-2-hydroxymethyl- 1 6. 1 6-dlmethyl- 1 9^0-didehydro-PGE,. 

2-Decarboxy-2-hydroxymethyl- 1 6. 1 6-dmuoro- 1 9;!0-didehydro-PGE,, 

2 5 2-Decarboxy-2-hydroxym©thyl- 13.1 4-dihydra- 1 9^0-didehydro.PGE,, 25 

2-Decarboxy-2-hydroxymathy(-1 1 -deoxy- 1 9;20-dld«hydro-PGE,. 
2-Dacart>oxy-2-hydroxym0thyt-1 1 -deoxy- 1 6.1 6-dimathvl-1 9.20-did#hydrD-PGE,. 
2-Oecdrboxy-2-hydroxymathyl- 1 1 -deoxy- 16.1 6-dHVuorD- 1 9.20-didehydra-PGEv 
2-Decarboxy-2-hydroxymathyl-l 1-<Jeoxy-1 3.14-dihydro-19i0-dkiehi^^ 
30 2-C>ecart>oxy-2-hydroxymethy»- 1 1 -deoxy- 1 1 a-hydroxymethyl- 1 9,2Q-didehydro-PGE,. 30 
2 -Decarfooxy-2 -hydroxymethyl- 1 1 -deoxy- 1 1 a-hydroxymethy I- 1 6. 1 6-dimethyl- 1 9.20-dldehydrD- 

PGE,. 

2-C)ecartK)xy-2-hydroxymetM-1 1^«oxy-1 1a-hydroxymethy>-16.16-dffluoro-19^<^^ 

PGE„ 

35 2 -Decarboxy-2-hydfoxymethyl- 1 1 -deoxy- 1 1 ar-hydroxymethyl- 1 3, 1 4-dihydro- 1 9.20-didehydro- 35 

PGE„ 

2 -Decart)oxy-2-hydroxyfnethyl-9-deoxy-9-methylene-1 9.20-didehydro-PGE,, 
2-Oecarboxy-2-hydroxymethyt-9-deoxo-9-methylene-16J6-dimethyl-19^0-dktehydr^^ 
2-Decartx>xy-2-hydroxymethyl-9Hjeoxo-9-methylene- 1 6. 1 6-dinuoro- 1 9,20-didehydro-PGE,. 
40 2-0ecart>oxy-2-hydrDxymethyl-9-deoxo-9-methylene-1 3,1 4-dihydro- 19^0-didehydro-PGE,. 40 
2-Oecart>oxy-2-hydroxymethyl-9-deoxo-9-methylene-1 1 -deoxy-19^0-didehydro-PGE,, 
2-Oecartx>xy-2-hydroxyfnethyl-9-deoxo-9-methytene-1 1 -deoxy- 1 6.1 6-dimethy1-1 9.2(>- 
didahydro-PGE,, 

2 -Decart>oxv-2-hydroxymethyt-9-deoxo-9-methylene- 1 1 -deoxy- 16.1 6-dtf)uoro- 1 9.20-didehydro- 
45 PGE,, 45 
2-Decart>oxy-2-hydroxymethyl-9-deoxo-9-methyler>e- 1 1 -deoxy- 1 3. 1 4-dihydro- 1 9 JO^idehydro- 

PGE,. 

2-Decarboxy-2-hydroxymethyl-9-deoxo-9-methytene-1 1 -deoxy- 1 1rt *hydroxymethy I- 19^0- 

didehydro-PGE,, 

50 2-Decarboxy-2-hydroxymethyl-9-deoxo-9-methytene-1 1 -deoxy- 1 1(i-hydroxymethyl-16.16- 60 
dimethyl- 1 9^0-didehydro-PGEf, 

2-Oecartx>xy-2-hydroxymethyl-9-deoxo-9-methylene- 1 1 -deoxy- 1 1 a-hydroxymethyi- 1 ,3 1 4- 
dihydro- 1 9;20-didehydro-P6E,. 

2-[>ecart>oxy-2-hydroxymethyl-1 9(R)-1 9-hydroxy*PGF2a. 
55 2-C)ecart>oxy-2-hydroxyrnethyl-1 lKleoxy-19(R)-19-hydro^ M 

2 -Decart>oxy-2 -hydroxymethyl- 1 1 -deoxy- 1 1 ek-hydroxymethy«- 1 9(R)- 1 9-hydro)Ky-PGF,a. 

2 •Oecarboxy-2 -hydroxymethyl- 1 9<ft)- 1 9-hydroxy-PQF^, 

2-Oecart>oxy-2 -hydroxymethyl- 1 1 -deoxy- 1 9<R)- 1 9-hydroxy-PGF^. 

2 -Oecart)oxy-2 -hydroxymethyl- 1 1 -deoxy- 1 1 a-hydroicymethyl- 1 9{R)- 1 9-hydrtMy-PQf 
50 2-Oecartxmv-2-hydroxymethyl-t9<R)-19-hydroxy-PQE^ tO 

2 -Oecaft>oxy-2 -hydroxymethyl- 1 1 -deoxy- 1 WR)- 1 9-nyOroxy-PGEt. 

2 -Decart)oxy-2 -hydr ox ymethyl- 1 1 a-hydroxymethy1- 1 9(R)- 1 9-hydroxy-PGE>. 

2 -Oecaft)oxv-2 -hydroxymethyl-9-deo»-»-fT>ethyler»e- 1 9{R)- 1 9-hydrovy-POE^ 
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2 -Decarboxv-2-hydroxymethyl-9-deoxo-9-m6thv«ene- 1 1 -deoxy- 1 9(R)- 1 S-hydroxy-PGE,, 
2-Decarboxy-2-hydroxymethyl-9-deoxo-9-methylene-1 1 -deoxy- 1 1 a-hydroxymethyl- 19(W- 19- 

hydroxy-PGEj. 

2-Decarboxy-2-hydroxymethyl-4.5-didehydro-19<R)-19-hvdroxy-PGF,a. 
5 2-Decarboxy-2-hydroxymethyl-4.5-didchydro-1 9|R)-1 9-hydroxy-l 5(S)-1 5-methyl-PGF,a, s 

2 -Decarboxy-2-hydroxy methyl-4,5. 13.1 4-tetradehydro- 1 9|R)- 1 9-hydroxy-PGF,a, 
2 -Decarboxy-2 -hydroxymethyl-4.5. 1 3, 1 4-tetradehydro- 1 9(R)- 1 9-hydroxy- 1 6,1 6-<lifluoro-PGF,a, 
2-Decarboxy-2-hydroxymethyl-4.5-didehydro-19(R)-19-hydroxv-l 1-deoxv-PGF,a. 
2-Decarboxy-2-hydroxymethyl-4,5-didehydro- 1 9(R)-1 9-hydroxY-1 1 -deoxy- 1 5(S)-1 B-methyt- 
10 PGF,a. 10 
2 -Decarboxy-2-hydroxvmethvl-4.5, 1 3. 1 4-tetradehydro-1 9(R)- 1 9-hydroxy-1 1 -deoity-PGF,£». 
2 -Decarboxy-2 -hydroxvmethyl-4,5. 1 3. 1 4-tetradehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 16,16- 
difluoro-PGF,/!. 

2 -Decarboxy-2 -hYdroxymethyl-4.5-dkleoxy- 1 9IR)- 1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydroxymethy»- 

15 PGF,a 16 
2 Decarboxy-2-hydroxvnnethyl-4.5-dideoxy-1 9(R)-1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydroxymethyl- 

15{S)-1 5-methvi-PGF,r>, 

2 -DecarboxY-2-hydroxymethyl-4,5-dideoxy- 1 9{R)- 1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydroxymethyl- 
l5(Sl-15-methvl-PGE,a. 

20 2-Decarboxy-2-hvdroxymethyl-4,5.13.14-tetr8dehydro-19(R)-19-hydroxy-1 1-deoxy-1 la- 20 

hydroxy nnethyl-PGF,^i, 

2-Oecarboxy-2-hydroxymethyl-4,5, 1 3, 1 4-tetradehydro- 1 9(R)-1 9-hydroxy- 1 1 -deoxy- 1 1 a- 
hydroxymethyl- 1 6. 1 6-difluoro-PGF,a, 

2-DecarboxY-2-hydroxymethyl-4,5,-didehydro-19(R)-19-hydroxy-PGF,/J. 
25 2 -Decarboxy-2 -hvdroxYmethyl-4, 5-didehydro- 1 9(R)- 1 9-hydroxy- 1 SIS)- 1 5-methyl-PGF,^. 25 

2 - Decarboxy-2-hvdroxymethyl-4,5, 13,1 4-tetradehydro- 1 9(R»- 1 9-hydroxy-PGF,/5. 

2 Decarboxv-2-hydroxymethyl-4,5. 1 3. 1 4-tetradehydro- 1 9(R)-1 9-hydroxy- 1 6. 6-difluoro-PGF,^. 

2 - Decarboxy-2 -hydroxymethy 1-4. 5-didehydro- 1 9IRI-1 9-hydroxy- 1 1 -deoxy-PGF,^, 

2 -Decar boxv-2-hydroxymethyl-4,5-didehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 1 5(S)- 1 5-methyl- 
30 PGF,/5. 30 

2-Decart>oxY-2-hydroxymethyl-4,5.1 3. 1 4-tetrBdehydro-1 9(R)-1 9-hydroxy- 1 1 Hjeoxy-PGF|^. 

2-Decarboxy-2-hydroxymeihyl-4,5.13.14.tetradehydro-19(R)-19-hydroxy-1 l-deoxy-16.16- 

difiuoro-PGF,/3. 

2 -Decarboxv-2 -hydroxymethyl-4,5-didehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydroxymethyl- 
35 PGF,/5. 35 

2-Decarboxy-2-hydroxymeT^ vi 4, 5-didehydro- 1 9IRI-1 9-hydroxy- 1 1-deoxy-1 1 a-hydroxymethyl- 
15{S)-15-methyl-PGF,/J. 

2-Decarboxy-2-hvdroxymethyl-4.5.1 3. 1 4-tetradehydro- 1 9(R)-1 9-hydroxy- 1 1 -deoxy-1 1 a- 
hydroxymethyl-PGF,/5. 

40 2-Decarboxy-2-hydfOxymethvl-4.5.13.14-tetredehydro-19(R)-19-hydroxy-1 1-deoxy-1 la- 40 

hydroxymethyl- 1 6.1 6-difluoro-PGF,^, 

2 -Decarboxy-2 -hydroxymethyl -4. 5-didehydro- 1 9(R)- 1 9-hydroxy-PGE 
2 -DecarboxY-2-hydroxymethyl-4. 5-didehydro- 1 9IR)- 1 9-hydroxy- 1 51 S)- 1 5-methyl-PGE,. 
2 -DecartKJxy- 2 -hydroxymethyl -4, 5. 13.1 4-tetradehydro- 1 9(R)- 1 9-hydroxy-PGEv 

45 2 -DecarboxY-2-hydroxymethyl-4,5. 13.1 4 -tetradehydro-1 91 R»-1 9-hydroxy- 1 6.1 6-difluoro-PGE,. 45 

2 - Decarboxy-2 -hydroxymethyl-4.5-didehydro- 1 9(R>- 1 9-hydroxy- 1 1 -deoxy-PGE„ 
2-Dec3rboxy-2-hydroxymethyl-4.5-didehydro-19(R)-19-hydroxy-1 1 -deoxy- 15(S)-15-fn«thyf- 

PGE,. 

2 -Dccarboxy 2 -hydroxymethyl-4,5. 13.1 4-tetradehydro- 1 9IR)- 1 9-hydroxy- 1 1 -deoxy-PGE,. 
50 2 Decarboxv-2 -hydroxymethyi-4.5. 13.1 4-tetr»dehydro- 1 9<R»- 1 9-hydroxy- 1 1 -deoxy- 1 6.1 8- SO 

dffluofo PGE, 

2 -Decart>oxy-2 -hydr oxymethyl-4.5-didehydro- 1 9(R>- 1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydroxymethyl- 

PGE, 

2 Decarboxy. 2 'hydroxvmethvl-4.5-dWehydro-19(R>-1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydf oxymethyl- 
55 15*S) 15 methyl PGE, 58 
2 Oecaftooxy 2 hydroxymethyl-4.5. 1 3.1 4-tetradehydro- 1 9(R)- 1 9-hydroxy-1 1 -deoxy- 1 1 »>- 
hydroxy methyt PGE , , 

2 Oecartxjxy 2 hydfOxymethyl-4.5. 1 3. 1 4-tetradehydro' 1 9(RI- 1 9-hydfOxy- 1 1 -deoxy- 1 1 a- 
hydfoxymethyl ie 16-difluoro PGE,. 
•0 2 Decart>oxy 2-hydroxymethyl-4 5'didehydro 19(R)-19-hydroxy-9-deoxo-9-fnethyleoe'WlC,^ I 

2 Decafboxy -2 -hydfoxymethyi-4 , 5-didehydro- 1 9jR)- 1 9-hydfoxy-9-deoxo-9-metnylefte- 1 5CS^ 
15 methyl PGE, 

2 Decartwxy 2 hydfoxymethyl 4.5. 1 3. 1 4-tetradehvdro- 1 9(R)- 1 9-hydn>xv-9-deoxo-9-methylene- 

PG£, 
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2-DecarbOKv-2-hvdroxvmethyl-4.5 J 3 J 4-tetrdd6hydro-1 9(R»-1 9-hvdroxv-9-<^ 

16.16-difluoro-PGE,. ^ ^ , 

2 Deca^boxv.2-hvdroxYmethvl-43-didehydro-19(R)-19-hvdroxy-9-dTOXO-9-methylen•-^1- 
deoxy-PGE,. ^ . , •e/ei ft 
5 2 Decarboxy-2 -hydroxymethyl-4.5-did©hydro- 1 9(R)- 1 9-hvdroxy-9-deoxo-9-melhylene- 1 5«S)- D 

1 5-methvl-PGE,. ^ ^ ^ , 

2-Oecart>oxv-2-hydroxymethvM3,13.14.tetradehYdro-19(R)-19-hydroxy-9-deox^ 

1 1 ■^®°!i5ec?rboxv-2-hydro^^ 
10 n deoxy- 16.16-difluoro-PGE,. « . , , 

2 -Decarboxy-2-hvdroxymethyl-4.5-d»dehydro- 1 9(R)- 1 9-hydroxv-9-deoxo-9-methylene- 1 1 - 

deoxy-l l^-hydroxymethyl-PGE,. 

2-DecarboxY-2-hydroxymethyl-4.5-didehvdro-19<R)-19-hydroxY-9Kleoxo-9-met^^^ 

deoxy-l 1*>-hydroxymethyl-15(S)-15-rnethyl-PGE,. « ^ «c 

1 5 2 -Decarboxy-2-hydroxymethyl-4.5. 13.1 4-tetradehydro- 1 9{R)- 1 9-hydroxY-9-deoxa-9-methytene- l S 

1 1-deoxy-1 lir-hydroxymethyl-PGE,, , ^ 

2 -Decarix)x>-2-hydfoxymeth 1-4,5 J 3. 1 4-tetradehydro- 1 9(R>-1 9-HydfOXY-^^^ 

1 1-deoxy-l l^>-hydroxymethyl-16.16-difluoro-PGE,. 

2-Decarboxv-2-hydroxYmethyl-2.3-didehydro-1 i(R)-1 9-hydroxy-P6F,a. 
20 2 -Decarboxy-2-hydroxymethYl-2,3-didehydro-1 9(R)- 1 9-hydroxy-1 6.1 S-difluoro-PGF,^, 20 
2 - Decarboxy-2 -hydroxy methy 1-2 .3-didehydeo- 1 9(R)- 1 9-hydroxv- 1 5(S)- 1 5-meth^^^ 
2-Decarboxy-2-hydroxymethYl-2,3-did0hydro-1 9<R)-1 9-hydroxy-1 1 -deoxy-PGF,r». 
2 -Decarboxy-2 -hydroxymethyl-2.3-d»dehYdro- 1 9(R)-1 9-hydroxY-1 1 -deoxy- 1 6.1 6-difluoro- 

25 ' 2.Decarboxy-2-hydroxyn^ethyl-2.3-dklehydro-19W)-19-hydroxy-1 1-deoxy^ 5<S)-1 5-methv»- 26 
^^''^ 2 Oecarboxy-2-hydroxYmethyl-2,3-didehydro- 1 9<R)- 1 9-hydroxy-l 1 -deoxy-1 1 rt-hydroxymethyl- 

' 2 -Oecarboxy-2 -hydroxymethyl-2, 3-didehydro- 1 9(R)- 1 9-hydroxy- 1 1 -<leoxy- 1 1 a-hydroxymethy»- 

30 16,16-difluoro-PGF,a, ^ ^ . , ^ 

2-Oecarboxy-2-hydroxymethyl-2.3-didehydro-1 9IR)-1 9-hydroxy-1 1 -deoxy-1 1 rr-hydroxymethyh 

15(S)-15-methyl-PGF,a, 

2-Oecarboxy-2-hydroxymethyl-2.3-didehydro-19(R)-19-hydroxy-PGF,^. 

2 -Decarboxy-2 -hydroxymethy|.2 .3-didehydro- 1 9(R)- 1 9-hydroxy- 16.1 6-difluoro-PGF,^. 
35 2-Decarboxy-2-hydroxymethyl-2.3-didehydro-1 9<R)-1 9-hydroxv-1 5IS)-methyl-PGF,^. 36 

2-Decarboxy 2-hydroxymethyl-2.3 d.dehydro-19<R)-19-hydroxy-1 1-<<eoxy-PGF,A. 
2 -Decarboxy-2-hydroxymethyl-2,3-didehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 16,1 6-dHluoro-PGF^/J, 
2-Decarboxy-2-hydroxymethyl-2,3-didehydro-19(R)-19-hydroxv-1 1 -deoxy- 1 51 S)-1 B-methyl- 

40 ' 2-Decarboxy-2-hydroxymethvk2.3-dWehydro-19m)-19-hydroxy-1 1-deoxy-1 1a-hydroxymet^ 40 

PGF,/J, 

2-Decarboxy-2-hydroxymethyl-2.3-dkjehydro-19(R)-19-hydroxy-1 1 -deoxy-1 la-hydroxymethyl- 
1 6. 1 6-dimethyl-PGF,p. 

2 -Decarboxy-2 -hydroxymethyl-2. 3-didehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 1 1 a-hydroxymethyl- 

45 1 5(S)- 1 5-methyl-PGF,^. 

2-Decarboxy-2-hydroxymethY»-2,3-didehvdro-1 9(R)-1 9-hydroxy-PGE,. 

2 Decarboxy-2 -hydroxymethyl-2 ,3-<l»dehydro- 1 9(R)- 1 9-hydroxy- 1 6. 1 6-dlfluorD-PGE,, 

2 Decarboxy-2 -hydroxvfnethyl-2,3-dldehydro- 1 9(R)- 1 9-hvdroxY- 1 5(S)- 1 S-methyl-PGE,. 

2-Decarboxy-2-hydroxymethv(-2,3-dWehydro- 1 9<R)- 1 9-hydroxy- 1 1 -deoxy-PGE,. 
50 2 -Decarboxy-2 -hydroxymethyi-2 , 3-didehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 16,1 6-difluofO-PGE,. BO 

2 Decarboxy-2 -hydroxymethyl-2,3-<Jidehydro- 1 9(R)- 1 9-hydroxy- 1 1 -deoxy- 1 5(S)- 1 5-methyl- 

PGE,. 

2 - Decarboxy-2 -hydroxymethy»-2. 3-didehydro- 1 9(R)- 1 9-hydroxy 1 1 -deoxy- 1 1 ft-hydroxymethyl- 

PGE,. 

55 2 Oecarboxy-2-hydroxymethyl-2,3-didehydro- 1 9(RI- 1 9-hydroxy-1 1 -deoxy- 1 1 ft-hydroxymethyi- 65 

16.16 difluoro-PGE,, 

2 -Dccarboxy-2-hydroxymethyl-2,3-dkjehydro-19(R)-1 9-hydroxy- 1 1 -deoxy-1 1 fr-hydroxym«thy1- 

15(S)-15-methyl-PGE,. 

2 Decarboxy-2 -hydroxymethyl-2.3-didehydro-19(R)-19-hydroxy-9-deoxo-9-methvlene-PGE,. 
60 2-Decarboxy-2-hydroxymethyl-2.3-dkJehydro-19(R)-19-hydroxy-9-deoxo-9-methv*#n«-16.16- tO 

dHiuoro-PGE, 

2 0ecarboxy-2-hydroxymethyl-2.3-dkjehydro- 1 9(R)- 1 9-hydroxy-9-deoxo-9-methvfent-1 6- 

methyl-PGE,. 

2-Oecarboxy-2-hydfOxymethyl-2.3-didehydro-19(R)-19-hydro«y-9-deoxo-9-methvteoe-11- 
deoxy PGE,. 
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2 •Oecarboxy-2-hydroxYmdthvh2,3-did0hydro- 1 9(R)- 1 9-hydroicy-9-<4#oxo-9-m«thyltn*- 1 1 - 
deoxY- 1 6, 1 6-difluoro-PGE,, 

2-D6carboKv-2-hvdroKymethyl-2.3-dld«hvdm-19(R)-19-hydroxy-9-dt« 1 - 

deoKV- 1 5(S)- 1 5-methyl-PGE,. 
5 2Decart)oxy-2-hydroxymathyl-2.3-dldehydro-19(R)-19-hydmxy-9Kltoiu^ 6 

ddOxy-1 Ift-hydroxymethyl-PGE,, 

2-Oecarboxy-2-hydroxymethyt-2.3-did«hydro- 1 9(R)- 1 9-hydroxv-9-d«oxo-9-m#thvlsn»- 1 1 - 
daoxy- 1 1 a-hydroxymethyl-l 6.1 6-difluoro-PGE,. 

2 -Decarboxy-2 -hydroxymethyl-2.3-<lklehydro- 1 9(R)- 1 9-hydroxy-9-deoxD-9-metMan»-1 1 - 
1 0 deoxy- 1 1 a -hydroxymethyl- 1 5(S)- 1 5-m«thyl-PGE,. 10 

2-Decarboxy-2-hydroxymethyl- 1 9(R)-1 9-hydroxy-PGE,a, 

2-Decarboxy-2-hydroxym«thyl-1 6.1 6-dimethyl-1 9(R)- 1 9-hydroxy-PGF,a. 

2 -Decarboxy-2 -hydroxymethyl- 1 6. 1 6-difluoro- 1 9(R)- 1 9-hydfoxy-PGF,a. 

2 -Decartx)xy-2 -hydroxymethyl- 1 3.1 4-dihydro-1 9(R)-1 9-hydroxy-PGF,a. 
1 5 2-Oecart)oxy-2-hydroxymethyl-1 1 -deoxy-1 9<R)-19-hydroxy-PGF,a. 1 5 

2-Decarboxy-2-hydroxymethyl-1 1 -deoxy-1 6, 1 6-dimethyM 9(R)-1 9-hydroxy-PGF,a, 

2-Decarboxy-2-hydmxymethyl-1 1 -deoxy-1 6,1 6-dlfluoro-1 9(R)-1 9-hvdroxv-PGF,a, 

2-Decart)oxy-2-hydfoxymethyl- 1 1 -deoxy- 1 3, 1 4-dlhydro-l 9{R)- 1 9-hydroxy-PGF,a. 

2 -Decarboxy-2 -hydroxymethyl- 1 1 -deoxy- 1 1 a-hydroxymethyl- 1 9(R)- 1 9-hYdroxy-PGF^a, 
20 2-Decart)oxy-2-hydroxymethyl-1 1 -deoxy-1 1a-hydroxymethyl-16J6-dimethyl-19(R)- 20 

19-hvdroxy-PGF,a. 

2-Decart>oxy-2-hydroxymethyl- 1 1 -deoxy-1 1 a-hydroxymethyl- 1 6 J 6-difluofo-1 9(R)-1 9-livc^^ 

PGF.a. 

2-Decarboxy-2-hydroxymethyl-1 1 -deoxy-1 1 a-hydroxymethyl-1 3. 1 4-dlhydro-1 9(R)-1 9-hvdroKy- 
25 PGF,a. 25 

2-Decart)oxy-2-hydroxymethyl-1 9(Rm 9-hydroxy-PGF,^, 

2-Decart>oxy-2-hydroxymethyl- 1 6. 1 6-dlmethyl- 1 9(R)- 1 9-hydroxy-PGF,/J, 

2 -Decarboxy-2 -hydroxymethyl- 1 6,1 6-difluoro- 1 9(R)-1 9-hydroxy-PGF,^. 

2-Decarboxy-2-hydroxymethy<- 1 3.1 4-dihydro-1 9(R)-1 9-hydroxy-PGF,^. 
30 2-Decart)oxy-2-hydroxymethy|.l 1 -deoxy- 19(R)-19-hydroxy-PGF,/5, 30 

2-Decart)oxy-2-hydroxymethyl- 1 1 -deoxy-1 6.1 6-dimethyl-l 9(R)-1 9-hydroxy-P6F^. 

2-DecartK)xy-2-hydroxymethyl- 1 1 -deoxy-1 6,1 6-dlfluoro-1 9(R)-1 9-hydroxy-PGF,^, 

2 -Decarboxy-2 -hydroxymethyl- 1 1 -deoxy- 13.1 4-<Jihydro-l 9(R)- 1 9-hydroxy-PGF,/J, 

2-Decart)oxy-2-hydroxymethyl-1 1 -deoxy-1 1 a-hydroxymethyl-1 9(R)-19-hydroxy-PGF^. 
35 2-Decart)oxy-2-hydroxymethYl-1 1 -deoxy- 1 1 a-hydroxymethyl-1 6,1 6-dlmethyl- 19(R>-19-hvdroKy- 35 

PGF,/J, 

2-Oecarl>oxy-2-hydroxymeihyl- 1 1 -deoxy- 1 1 a-hydroxymethyl-1 6. 1 6-dlfluoro-l 9(R)-1 9-Hydnwy* 

PGF,/J. 

2 -Decart>oxy-2-hydroxymethyl- 1 1 -deoxy- 1 1 a-hydroxy methyl- 1 3, 1 4-dihydro- 1 9(R>- 1 9-hydrtiKy- 
40 PGF,^. 40 

2 -Decart)oxy-2 -hydroxymethyl- 1 9(R)- 1 9-hydroxy-PGE,. 

2 -Oecarboxy-2 -hydroxymethyl- 1 6. 1 6-dimethyl- 1 9(R)- 1 9-hydroxy-PGE,. 

2 -Decartioxy-2 -hydroxymethyl- 1 6.1 6-dffluoro-1 9(R)- 1 9-hydroxy-PGE,. 

2-Decart>oxy-2-hydroxymethyt- 13.1 4-dihydro- 1 9<R)- 1 9-hydroxy-PGE|. 
45 2 -Decarboxy-2 -hydroxymethyl- 1 1 -deoxy-1 9(R)-1 9-hydroxy-PGE,. 45 

2-Decart>oxy-2-hydroxymethyl- 1 1 -deoxy- 16.1 6-dimethyl- 1 9(R)- 1 9-hydroxy-PGE,. 

2 -Decart>oxy-2 -hydroxymethyl- 1 1 -deoxy-1 6.1 6-difluoro- 1 9(R)-1 9-hydroxy-PGE,. 

2-Decart>oxy-2-hydroxymethyl- 1 1 -deoxy-1 3,1 4-dihydro- 1 9(R)-1 9-hydroxy-PGE,. 

2-Decart>oxy-2-hydroxymethyt-1 1 -deoxy-1 1 a-hydroxymethyl-1 9(R)-hydroxy-PGE,, 
50 2-Decart>oxy-2-hydroxymethyl-1 1-deoxy-1 1a-hydroxymethyl-16,16-dirnethyl-19(R^19-hyro^ SO 
PGE,. 

2 -Decart>oxy-2-hydroxymethyl- 1 1 -deoxy- 1 1 a-hydroxymethyl- 16.1 6-difluoro- 1 9(R)* 1 9-hydroKr- 

PGE„ 

2-Decart>oxy-2-hydroxymethyl-1 1 -deoxy-1 1 a-hydroxymethyl- 13.1 4-dihydro- 19(R)-194iydrmr- 
S& PGE„ 66 

2-Decart>oxy-2-hydroxymethyl-9-deoxo-9-methylene-l 9(R)-1 9-hydroxy-PGE,, 

2-Dec8rt>oxy-2-hydroxymethyl-9-deoxo-9-methylene- 1 6,1 6-dimethyi- 1 9(R)-1 9- h ydl ox v-POE,. 

2 -Decarboxy-2 -hydroxymethyl-9-deoxo-9-methylene-1 6.1 6-difluoro- 1 9<R)-1 9-hytlroicy-fQC,. 

2 -Oecarboxy-2 -hydroxymethyl-9-d#oxo-9-methylerM- 13,1 4-dihydro- 1 9<R)- 1 9-hiydro«f#QCt. 
60 2 'D<c«rt>oxy-2 -hydroxy methyl-9-deoxo-9-methy«ene- 1 1 -deoxy- 1 9(R»- 1 9-hydroxy'PQE,, 60 

2 -Decarboxy- 2 -hydroxymethyl-9-deoxo-9-methylene- 1 1 -deoxy- 16,1 6-dimethyl- 1 MR)- 1 
hydroxy-PGEi. 

2 -Decart>oxy-2 -hydfoxYmethyl-9-deoxo-9-methy(ene- 1 1 -deoxy- 1 6. 1 6-dlfHioro* 1 9(Rm 
hydroxy-PGE,. 
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7-0«carbOKV- 2-hvdroiivfn«thvl-9-d«>«>-9-m«tl»ylw«- 1 1 -dwwy- 13,1 4-dlhrdro- 1 »(R»- 1 »- 
*'^'^'TtJrcafbO)«v-2-hvdro>«vm«ihvl-9-<tooxo-9-m«thvtone-l 1-<1wkv-1 1<i-hv*o«V«i»«»»y»- 

5 ''*T£«*oxv-2-hvd»«ym.thv.-9^o.9-m«hvten.-11^^ 6 

dimethyl- l9|R)-19-»»vdroxv-PGE„ ... _,__.«.ihui IB IB 

2-0«c8ftK»«v-2-hvdroKvm«thv«-9-d«»KO-9-m«hvltn«-1 l-dtoxy-l 1o.hy*o>irmwy»-'B.i»- 

fluoro-19(R)-19-hvdfO>«V-PGE„«od ^H»«»»..tt»i.13 14- 

2-0ec8rboxv-2-hvdfOKVin«thvh9-<l«wo-9-m«thvl«»»-1 1 hIwmcv-I 1 a-hydroxymrthyl-l 3.1^- 

10 dihvdro-19(R)-19-hvdroxy-PQe,. 

3. A compound as daim^l In dalm 1 subtttntlally as hwain daim in 

4. A phanriacautical compoaltion comprl«no a compound >a daimwJ in any ^rtcmding 
association v»/ith a physiolooicallv accaptabia axcipiant. 



